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PREFACE TO THE ELEVENTH EDITION 


The Eleventh Edition of this book was delayed for some time in 
order to ascertain what methods of originality and value had been 
produced on the Continent of Europe since the Tenth Edition 
(1937). The Microtomist’s Vade-Mecum was first published in 
1885 by the distinguished worker, Bolles Lee, of whom a short 
biography was given in the Tenth edition. There are still parts 
of the book which are largely his work. 

We have arranged the chapters in this edition somewhat 
differently. As it was necessary to keep the book within a certain 
size, the chapters on ‘‘ Tissue Culture ” and “ Staining ” had to 
be omitted. We have added a chapter on “The Laboratory 
Cultivation of Invertebrata,” a subject which is weak in many of 
our Universities. This has been written, by Dr. Libbie Hyman. 
It will be found that Dr. Hyman’s paragraphs on the cultivation 
of Protozoa partially overlap those by Dr. Helen Goodrich. 
However the reading of both chapters will provide an exhaustive 
treatment of the subject by two distinguished authorities. 

Dr. Greenfield has again written the long and difficult section 
on “ Neurological Methods.” He has been helped by Dr. Peter 
Daniel of Oxford. Dr, Greenfield’s unrivalled knowledge and 
dear exposition of this subject puts us all in his debt. A new 
dontributor is Dr. Callan of the Edinburgh Genetics School, who 
took over the chapter on “ Chromosomes,” a task which Dr. 
Painter was preyented from undertaking again, due to his 
promotion to the Presidency of the University of Texas. Dr. 
Painter has amiably allowed us to reprint part of his excellent . 
article which appeared in the Tenth edition, especially sections 
relating to Drosophila and other examples. He was unable to 
revise this part ; we have added little to it. ^ '' 

The articles on “ Fats ” and “ Microchemistry of Substances 
other than Fats ” were done by Drs. Whitehead and Kay and 
Dr. Gomori* respectively. They provide a conservative accoimt 
of the most useful and reliable recent microchemical methods. 
The section on “ Vital Staining ” is nearly the same as that 
written by Dr. Reginald Ludford for the Tenth edition. We are 
grateful to Dr. Ludford for courteous permission to reprint this. 
Dri E. S. Duthie could not undertake to revise his section on 
“ Glands and Blood.” Dr. Leach of Oxford kindly went over the 
chapter on “ Glands,” and Dr. Pickles of Oxford completely re- 
mote the section on “ Blopd.^’ Dr. J. IS. Sinyth undertook the 
' '' ' ' Chapter ‘ 
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revision of the long section on “ Invertebrates.” The chapters 
on Embryoiogical Methods ” were to have been revised by Dr. 
Weatherford of Harvard. Owing to illness, Dr. Weatherford was 
delayed considerably in doing this work, and in July, 1948 he 
died. Dr. Frederic Lewis of Harvard sent in Dr. Weatherford’s 
notes, and the senior Editor tried to incorporate as much suitable 
material as possible from them. This dealt with placental 
mammals exclusively. 

The delay caused by Dr. Weatherford’s unfortunate illness was 
considerable. One chapter, at least, by another collaborator, had 
been sent in nearly a year before the Editors were able to get the 
book ready for type-setting. The publishers, always so courteous 
and sympathetic, allowed the various contributors to add material 
to the proofs, to make up in some degree for this serious delay. 
We regret very much that Dr. Weatherford was prevented from 
revising his sections in the way he would himself have wished. 
Though the material extracted from his notes is relatively small, 
we gladly place his name among the list of collaborators, because 
other parts of the book have benefited by our reading his 
manuscripts. 

On the advice of Mr. K. C. Richardson we have altered many 
of the older names for chemical substances. The degree to which 
such changes should be made in a book on microtomy is a moot 
point. Many of Bolles Lee’s terms were pharmaceutical in origin, 
and none the worse for that. He also used German and French, 
words freely* and w^as fond of such Latin terms as secundum 
artem, succedanea and the liquor ferri sulphurici oxidati I To assist 
those who have had the benefits of a modern education, we have 
left out much of this terminology 

Mr. Richardson kindly made other suggestions for improving 
this book. There has been, for example, the ever present problem 
of what to cut out in a new edition. It is common experience 
that the reading of a list of apparently obsolescent methods by 
the older workers provides inspiration in the solving of a technical 
difficulty. We have, therefore tried to keep in as much of the 
older material as possible. For example, terpineol (Mayer, 1910) 
has recently come into favour and will soon replace cedar wood 
oil for paraffin imbedding of embryos and hard objects. The 
teased or squashed preparation used before the microtome was 
invented is now popular. Smith’s bichromate-formol acetic, 
Kolmer’s bichromate acetic solution and other old methods have 
recently found advocates. The various sectional collaborators 
have promoted from small type to larger type methods noted as 
once again becoming useful. In the next few decades, the great 
advances in cell biology will probably come from the use of the 
new optical instruments. In some future edition of this book 
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such subjects may be considered. We have, however, provided 
notes on Zernicke’s microscope in the present edition in connection 
with the Golgi apparatus* and mitochondria. 

The wide field of botanical technique was again covered by 
Dr. D. G. Catcheside of the Cambridge Botany Department. We 
express our sineere thanks to him. 

In a book of this type which purports to deal with the numerous 
techniques of Animal and Plant Microtomy, there must be 
omissions and mistakes. Sometimes we could not find the name 
of the originator of a method. Information on these aspects will 
be very welcome for future correction. Various workers through- 
out the world have sent us suggestions and contributed methods. 
If we do not thank them here, their names will be found in the* 
text. 

Since the Tenth edition was published in 1937 several useful 
works, on Microtomy have been issued. We can mention as 
having been useful: Dr. E. V. Cowdry’s “ Microscopic Technique 
in Biology and Medicine ” ; Dr. Pantin’s “ Notes on Microscopical 
Technique for Zoologists ” ; Dr. David Click’s “ Techniques of 
Histo- and Cyto-Chemistry ” ; Dr. J. Baker’s “ Cytological 
Technique ” (2nd Edn.) ; Dr. Carleton’s ‘‘ Histological Technique ” 
(2nd Edn.); M. Langeron’s “Precis de Microscopic” — Dr. 
Romeis’ 14th Auflage ; Dr. Conn’s “ Biological Stains ” (5th Edn.), 
and the very useful Biological Stain Commission leaflets edited by 
Dr. Conn, whose name has, we regret, disappeared — ^we trust only 
for the present — from the list of collaborators to the Vade-mecum. 
Dr. Conn’s book will be useful to cover any deficiencies in the first 
part of this volume, on the subject of dyes. 

We have to thank the President and Council of the Royal 
Microscopical Society for allowing us to reproduce the figures in 
paragraph 1045. 

Valuable advice was given us by numerous friends, among 
whom we thank Professor Paul G. 'Espinasse, Dr. Owen Thomas 
Dr. R. J. Ludford, Professor W. Fearon, Professor Wesley Cocker, 
Dr. A. Werner, Dr. Geoffrey Bourne, Dr. A. G. Willis, Dr. R. B. 
Dockrell, Dr. Gairdner B. Moment, Dr. E. S. Duthie, Dr. Henry 
Hughes, Dr^ Gordon Walls, Dr. L. Monne, Dr. D. Torrens, Dr. 
J. D. Smyth, Dr. J. E. Smith, Professor A. St. G. Huggett, and 
Mr. D. Glen. 

The proofs up to §611 were read by Dr. Edward R. Stuart of 
the Department of Chemistry, Trinity College, Dublin, whom we 
cordially thank. Perhaps the arrangement of this book may have 
suffered because we did not always avail ourselves of the advice 
of Dr. Stuart and Dr. Richardson, They cannot therefore be 
blamed for our mistakes, nor for the senior Editor’s reluctance in 
changing old-fashioned nomenclature. 

* A note on the Palade-Claude Mash Cytology will be found in § 1448 bis, 
and on L.V.N. (Celloidin) in § 1448. 
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The index has been prepared with the help of Miss E. B. M. 
Alton. It is shorter than in the last edition, but we have made 
index references to important formulae more easily found by 
putting them in heavier type figures. The reader should note 
that the index figures refer to paragraphs not to pages. 

It is a pleasure to us to acknowledge the patience and courtesy 
of the publishers. 

For help in the matter of the late Dr. Harold Weatherford’s 
manuscripts, we are grateful to Dr. Frederic T, Lewis of Harvard. 

In a gracious letter allowing us to add his name to the dedication 
of this volume, Robert Russell Bensley wrote, “Arthur Bolles 
Lee, through his excellent book, guided my early adventures in 
microscopical technique, and the volume is still a valued and useful 
member of my library.” 

J. Beonte Gatenby 

Trinity College, Dublin 

H. W. Beams 

State University of Iowa 
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THE MI CROTO MIST’S 
VADE-MECUM 


CHAPTER I 
INTRODUCTORY* 

1. Methods. The methods of modem microscopic ana- 
tomy may be roughly classed as General and Special. There 
is a General or Normal method which consists in carefully 

the structures to be examined, stainmg them with a nuclear 
stain, dehydrating with alcohol, and mounting series of sections 
of the structures in balsam. It is by this method that the work is 
planned and very often finished. Special points are then studied, 
if necessary, by Special Methods, Such as examination of the 
living tissue elements, in situ or in “ indifferent ” media ; fixation 
with special fixing agents ; staining with special stains ; dissocia- 
tion by teasing or maceration ; injection ; impregnation ; and 
the like. 

2. Preliminary Preparation. The first thing to be done with 
any structure is to fisc its histological elements. (This state- 
ment applies equally to all classes of objects, whether it be desired 
to cut them into sections or to treat them in any other special 
way.) Two things are implied by the word “fixing’’: first, 
the rapid hilling of the element, so that it may not have time 
to change the form it had during life, but is fixed in death in 
the attitude it normally had during life ; and second, the hardening 
of it to such a degree as may enable it to resist without further 
change of form the action of the reagents with which it may 
subsequently be treated. Without good fixation it is impossible to 
get good stains or good sections, or preparations good in any way. 

The structure, having been duly fixed by one of the processes 
described in the chapter on Fixing Agents, is, except in special 
cases, washed in order to remove from the tissues as far as possible 
all traces of the fixing reagent. 

These operations having been duly performed, two roads 
become open. The object may be further prepared by what 
may be termed the method, in which all subsequent operations 
are performed by means of aqueous media. Or it may be further 
prepared by the method, which usually consists in 

* Refer also to § 1438 et seq. 
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trea tiriei it witli successive alcohols of gradually increasing strength , 
final dehydration with absolute alcohol, imbibition with an essential 
oil or other so-called clearing agent which serves to remove the 
alcohol, and lastly either mounting at once in balsam or other 
resinous medium or imbedding in paraffin for the purpose of 
making sections. The dehydration method is the course which 
is generally preferred, chiefly because of its great superiority as 
regards the preservation of tissues. For the presence of water 
is the most important factor in the conditions that bring about 
the decomposition of organic matter, and its complete removal 
is the chief condition of permanent preservation. 

3. Preservation. Considered as a mere dehydrating agent, 
ethyl alcohol fulfils its function fairly w^ell (but see § 125). But 
considered as a histological preservative agent, it is far less satis- 
factory. If tissues be left in alcohol for only a few days before 
further preparation, injurious effects will perhaps not be very 
disagreeably evident. But it is otherwise if they are put away in 
it for many weeks or months before the final preparation is carried 
out. The dehydrating action of the alcohol being continuously 
prolonged, the minute structure of tissues is sometimes consider- 
ably altered by it ; they become overhard and shrink, and become 
brittle, and their capacity for taking stains well becomes seriously 
diminished . 

The higher strengths of alcohol and water have the power of 
bringing into solution many fatty substances which form the 
groundwork of the cytoplasmic inclusions. In addition, pro- 
longed immersion in alcohol is fatal to success in most silver and 
gold impregnation methods of the neurologist. The so-called 
‘‘ hardening ” effect of alcohol may be advantageous for rough 
work, but is better carried out in formalin or chrome salts. 

For material that is intended only for section-cutting, it is 
undoubtedly by far the best plan to clear (next §) and imbed at 
once in paraffin. This affords an absolutely perfect preservation. 
Cedar- wood oil is nearly, if not quite, as good as paraffin, so far 
as the preservation of the tissues is concerned, but of course it 
is not so handy for storage. 

4. Removal of Alcohol; Clearing. The water having been 
sufficiently removed, the alcohol is in its turn removed from 
the tissues, a:nd its place taken by some anhydrous substance, 
generally an essential oil, which is miscible with the material 
used for imbedding or mounting. This operation is generally 
known as Clearing, It is very important that the passage from 
the last alcohol to the clearing agent be a gradual one. This 
is effected by placing the clearing medium under the alcohol. 
A sufficient quantity of alcohol is placed in a tube (a watch- 
glass will do, but tubes are generally better), and then with a 
pipette a sufficient quantity of clearing medium is introduced 
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at the bottom of the alcohol Or you may first put the clearing 
medium into the tube, and then carefully pour the alcohol on to 
the top of it. The two fluids mingle but slowly. The objects 
to be cleared, being now carefully put into the supernatant 
alcohol, float at the surface of separation of the two fluids, the 
exchange of fluids takes place gradually, and the objects slowly 
sink down into the lower layer. When they have sunk to the 
bottom, the alcohol may be drawn off with a pipette, and after 
some further lapse of time the objects will be found to be completely 
penetrated by the clearing medium. (Read also §§ 134 et seq.) 

The clearing stage may be avoided by dioxan or N-butyi 
alcohol imbedding, which see, § 125 et $eq. 

This method of making the passage from one fluid to another applies 
to all cases in which objects have to be transferred from a lighter to a 
denser fluid — ^for instance, from alcohol, or from water, to glycerine. 

This is a convenient stage for carrying out minute dissections, if any 
such have to be done, a drop of clearing agent being a most helpful 
medium for carrying out such, dissections (see § 8). 

At this point the course of treatment follows one of two different 
roads, according as the object is to be mounted direct in balsam or is 
first to be sectioned (§ 157). 

5. Imbedding, and Treatment of Sections. The objects are 
now imbedded. They are removed from the clearing medium 
and soaked until thoroughly saturated in the imbedding medium. 
This is, for small objects, generally paraffin, liquefied by heat, 
and for large objects either paraffin or a solution of collodion or 
‘‘ celloidin ’’ (in this last case the clearing may be omitted and 
the tissues be imbedded direct from the alcohol). The imbedding 
medium containing the object is then made to solidify, and 
sections are made with a microtome through the imbedding mass 
and the included objects. The sections are then mounted on a 
slide by one of the methods described in the chapter on Serial 
Section Methods, the imbedding material is removed from them 
(in the case of paraffin), they are stained in situ on the slide, 
dehydrated with alcohol, cleared, and mounted in balsam or 
damar. Or they may be stained, washed, dehydrated and cleared 
in watch-glasses, and afterwards mounted as desired — the imbed- 
ding medium being first removed if desirable. 

Or, the material may be stained in bulk, before cutting the 
sections. In this case the object, after having been fixed and 
washed out, is taken from the water, or while still on its way 
through the lower, strength alcohols (it should not be allowed to 
proceed to the higher grades of alcohol before staining, if that can 
be avoided), and passed through a bath of stain, then dehydrated 
with successively stronger alcohols, passed through a clearing 
medium into paraffin, cut, and treated as above described, the 
sections in this case being mounted direct from the chloroform, 
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xylol, or other solvent with which the paraffin is removed. If 
aqueous staining media be applied (and this is sometimes desirable), 
the struetiires should either be stained in toto immediately after 
fixing and washing out, or sections may be stained on the slide, 
the objects, if delicate, being passed through successive baths of 
alcohol of gradually decreasing strength before being put into the 
aqueous stain. 

Except for some carmine stains it is generally advisable not to 
stain in bulk material that is intended to be sectioned ; by 
staining it as sections the staining can be much better controlled, 
and many excellent stains can in this way be employed that are 
not available for staining in bulk ; and of course sections can be 
stained much more rapidly than material in bulk. 

Balsam mounts of which the stain has faded, or which it may be 
desired to submit to some other staining process, or mount in some 
other medium, may often with great advantage be re-stained and 
re-mounted. All that is necessary is to put the slide into a tube of 
xylol or benzol till the cover falls off (about two days), wash well for 
some hours in clean xylol, and pass through alcohol into the new stain. 
This succeeded in every case with series of sections mounted on Mayer’s 
albumen, or by the water method. For shellac-mounted series, see 
E. Meyer, Biol. Centralb., x, 1890, p. 509, or 7th edition. 

The most convenient vessels in which to perform the various operations 
of staining, differentiating, dehydrating, clearing, etc., on the slide^ 
are flat-bottomed corked glass tubes. Lee used tubes 10 cm. high and 
27 mm. internal diameter. Each of these will then take two slides, 
English size, placed back to back. 

6. Resume of the General Method. To sum up, you may 
either fix, wash out, stain, wash, dehydrate, clear, imbed, cut 
sections, clear and mount them in balsam ; or fix, wash, dehy- 
drate, clear, imbed, cut, stain, wash, dehydrate, clear and mount 
— according to choice. (See § 1438.) 

7. Preparation of Entire Objects, or of Material that is not to 
be sectioned. The treatment of objects which can be studied 
without being cut into sections is identical with that above 
described, with the omission of those passages that relate to 
imbedding processes. Its normal course may be described as 
fixation, washing out, staining, treatment with successive alcohols 
of gradually increasing strength, final dehydration with absolute 
alcohol, clearing, and mounting in balsam. 

In the preparation of entire objects or structures that are intact 
and covered by an integument 7iot easily permeable by liquids, special 
care must be taken to avoid swelling from endosmosis on the passage 
of the objects from any of the liquids employed to a liquid of less 
density, or shrinkage from exosmosis on the passage to a liquid of 
greater density. This applies most specially to the passage from the 
last alcohol into the clearing medium. A slit should be made in the 
integument, if possible, so that the two fluids may mingle without 
hindrance. And in all cases the passage is made gradual by placing 
the clearing medium under the alcohol, as described (§ 4). Fluids of 
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liigli diffiisibility should be employed as far as possible in ail the pro- 
cesses. Fixing agents of great penetrating power (each as picric acid 
or alcoholic sublimate solution) should be emplo^^ed where the objects 
present a not easily permeable integument. Washing out is done 
with successive alcohols, water being used only in the case of fixation 
by osmic acid, or the chromic mixtures or other fixing solutions that 
render washing by water imperative. Staining is done by preference 
with alcoholic staining media. The stains most to be recommended 
are Grenacher’s borax-carmine, or one of Mayer’s alcoholic carminic 
acid or haematein stains. Aqueous stains are more rarely indicated, 
though there are many cases in which they are admissible, and some in 
which they are preferable. 

8. Minute Dissections. These are best done, if necessary, in 
a drop of clearing agent. Lee recommends cedar-wood oil for 
this purpose as it gives to the tissues a consistency very favourable 
for dissection, whilst its viscosity serves to lend support to delicate 
structures. Clove oil has a tendency to make tissues that have 
lain in it for some time very brittle. The brittleness is, however, 
sometimes ver}" helpful in minute dissections. Another property 
of clove oil is that it does not easily spread itself over the surface 
of a slide, but has a tendency to form very convex drops, and this 
also makes it frequently a very convenient medium in which to 
make minute dissections. Pantin {Microsco^jical Technique, 
C. U, P.) describes small dissecting knives made from safety 
razor blades. The latter are snapped off at the desired angle, 
being held between two pieces of hard wood in a vice. The re- 
sultant slivers are mounted in slit mapping pen holders, using 
sealing wax. 

H. G. Cannon and J. P. Habding (J. R. M. S,, voL lix, 1939) 
recommend benzyl alcohol with or without chlorazol black for 
making minute dissections. See also Harding’s simple 
instrument for minute dissections. 

If it be desired to dissect in a watery fluid, such as glycerine, it may 
be well to prepare the slide by spreading on it a thin layer of Mayer’s 
albumen, and on this to place a small drop of glycerine, or other 
dissecting medium. As soon as the dissection has been accomplished, 
a cover may be let fall, horizontally, on to the preparation to keep the 
parts in place, and a weight placed on it. Then the mount may be 
filled up with glycerine, or other mounting medium, run in under the 
cover, and closed, if desired, or instead of the albumen a solution of 
gelatine may be taken, and hardened in formol with the objects on it. 
For a balsam mount, after clove or cedar oil, collodion may be taken, 
and the organs fixed m on this by adding xylol. 

9. Microtomes are instruments for the accurate production of 
thin slices of tissues. They are used both for cutting tissues that 
have acquired a certain favourable consistency through having 

imheMed iix paraffin, and also for cutting tissues that have 
been imbedded in softer masses, such as collodion, and tissues that 
have not been extended at all Not all microtomes are equally 
well adapted for all these three claves of work. The microtome 
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of the zoologist should at all events be one that is well adapted 
for (fitting imbedded material. 

The first microtomes were sliding microtomes, the object being 
raised by turning a screw, or by running it up an inclined plane. The 
Rocking Microtome of the Cambridge Instnunent Co. was invented by 
Caldwell and Trefali in 1881, and improved by one of the sons of Charles 
Darwin (1885). This microtome was the first to enable a ribbon of 
sections to be cut. The Minot-Pfeiffer rotary microtome, an American 
invention, followed in 1885-86, and most modern rotary microtomes 
include the Minot principles. Without the application of paraffin wax 
in imbedding by Klebs in 1869, and Butsehli in 1881, the microtome 
as w’^e know it to-day w’-ould not have been possible. For an interesting 
account by Oscar Richards, see “ The Effective Use of the Microtome,” 
Spenser Lens Co. 

Now there are two methods of imbedding in general use— the 
paraffin method and the eelloidin method. In the paraffin 
method the object is cut dry^ frequently with the knife set square 
to the line of section. If the eelloidin method, as in the cutting 
of unimbedded tissues, it is generally cut wet, and always with a 
knife set slanting. Some microtomes that are well adapted for 
the paraffin method are ill adapted for the eelloidin method or the 
cutting of unimbedded material, and vice versa. It may be well 
to possess the two sorts of instruments ; but if only one can be 
afforded it should be a rotary microtome. 

Microtomes fall further into two classes according as the knife and 
the surface of section of the object are (a) in a horizontal plane, or 
(b) in a vertical plane. The former offer greater facility for the orienta- 
tion of the plane of section, which is an important point for the zoologist 
and embryologist. Amongst these may be mentioned (a) The “ Slid- 
ing ” Microtomes, in which the knife is carried on a sledge and moved 
against the object. They work equally well with paraffin or eelloidin, 
and some can be adapted as a freezing microtome. But this (as is the 
case with the others above mentioned) wiU not always furnish work 
of the highest accuracy ; for the knife being only clamped at one end 
is liable to spring, and to give sections of unequal thickness. This 
defect is remedied in (h), a type of sliding microtomes in which the 
knife is clamped at both ends and is a fixture, the object being carried 
on a sledge and moved against it. 

Class A also includes some instruments in which the knife is carried 
on the horizontal arm and swung against the object by a rotary move- 
ment. 

Class B contains instruments adapted for the production of con- 
tinuous ribbons of sections by the paraffin method, but not so well 
adapted for eelloidin or other work in the wet way, or for soft objects. 


CHAPTER II 


KILLING 

10. In the majoiity of cases, the first step in the preparation 
of an organ or organism consists in exposing it as rapidly and 
as completely as possible to the action of one of the Fixing 
Agents that are discussed in the next chapter. The organ or 
organism is thus taken in the normal living state ; the fixing 
agent serves to bring about at the same time, and with sufficient 
rapidity, both the death of the organism and that of its histological 
elements. 

It should be noted that narcotisation generally implies some change 
in the cells, and most narcotics have to be applied for a long time. 
Such treatment is absolutely barred in material destined for careful 
cytological study. This apiMes especially to ether and chloroform, 
zvhich can be extremely injurious to cells : in the case of larger mammals 
like the cat and the dog a preliminary treatment in ether or chloroform 
may be necessary, but directly after anaesthesia the animals’ throats 
should be cut or they should be killed by a blow, if possible. Coal gas 
chambers are good for killing small mammals, because carbon monoxide 
does not appear to be hurtful to cells. Amphibians killed by chloro- 
form are often completely spoilt for cytological purposes ; if the brain 
is not wanted, pith the animal. For birds the time-honoured custom 
of wringing the neck is recommended. In the case of small lizards, 
newts and such live stock it is a good plan to cut off their heads quickly 
with strong scissors. If the material is wanted for chromosome or 
mitochondria work look up these sections for special directions . 

But these methods are by no means applicable to all cases. There 
are many animals, especially such as are of a soft consistence, and 
deprived of any rigid skeleton, but possessing a considerable faculty 
of contractility, which if thus treated contract violently, and die in a 
state of contraction that renders them unfit for study. In these cases 
special methods of killing must be resorted to. Speaking generally, 
there are two ways of dealing with these difficult cases. You may kill 
the animal so suddenly that it has not time to contract : or you may 
paralyse it by narcotics before killing it. Refer to § 898. 

SUDDEN KILLING 

11. Heat ITie application of Heat affords a means of killing 
suddenly. By it the tissues are more or less fixed at the same 
time that somatic death is brought about. 

The difficulty consists in hitting off the right temperature, 
which is of course different for different objects. We think 
that 80° to 90° C. wilh generally be amply sufficient, and that 
very frequently it will not be necessary to go beyond 60° C. An 
exposure to heat for a few seconds will generally suffice. 
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Small objects (Protozoa, Hydroids, Bryozoa) may be brought into a 
drop of water in a watch-glass or on a slide, and heated over the flame 
of a spirit-lamp. For large objects, the water or other liquid employed 
as the vehicle of the heat may be heated beforehand and the animals 
thrown into it. 

As soon as it is supposed that the protoplasm of the tissues is coagu- 
lated throughout, the animals should be brought into alcohol (30 to 70 
per cent, alcohol) (if water be employed as the heating agent). 

For frog's eggs, bring a large dish of water to the boil, remove bunsen 
and then drop in the egg masses ; remove after ten minutes into 50 per 
cent, alcohol. 

An excellent plan for preparing many marine animals is to kill them 
in hot fresh water. Some of the larger Nemerteans are better preserved 
by this method than by any other with which we are acquainted. 

12. Slowly Contracting Animals. x4nimals that contract but slowly, 
such as Alcyoniimn and Veretilhim, and some Tunicates, such as Pyro- 
sonui, are very well killed by throwing them into some very quickly 
acting fixing liquid, used either hot or cold Glacial or very strong 
acetic acid (van Beneden’vS method) is an excellent reagent for this 
purpose ; it may be used, for example with some Medusae. After an 
immersion of a few" seconds or a few minutes, according to the size 
of the animals, they should be brought into alcohol of at least 50 per 
cent, strength. Lemon juice employed in this way has given Lee very 
good results with small Annelids and Hirudinea. Corrosive sublimate 
(mercuric chloride) is another excellent reagent for this purpose. 


NARCOTISATION 

13. Narcotisation is perfoimied by adding some anaesthetic 
substance very gradually, in very small doses, to the water con- 
taining the animals, and waiting patiently for it to take effect 
slowly, 

Peter Gray (Watson’s Microscoi^e Record, No. 35, 1935) 
says that for Protozoa he tries new forms with the following 
narcotics in this order : 10 per cent, methyl alcohol (not methy- 
lated), 1 per cent, hydroxylamine, 1 per cent, urethane, Rousse- 
let’s solution, Corn’s solution. ‘‘ If these fail, hope may well be 
abandoned.” For Stalked Ciliates he used Rousselet’s solution, 
until the snapping movements have slowed up, then, very gingerly, 
weak hydrogen peroxide. For Planarians he says 2 per cent, 
chloral hydrate is the best, and for Oligochceta, chloroform. For 
Polyzoa he uses menthol, overnight, then adds 10 per cent, 
formol. 

C. F. Rousselet Solution (quoted from Carpenter’s “The 
Microscope ”) is 2 per cent, solution of hydrochloride of cocaine, 
3 parts ; methylated spirit, 1 part ; water, 6 parts. This is the 
fluid used for Rotifera especially. Failing genuine cocaine, Peter 
Gray recommends stovaine. 

Warren Morrison make.s up Rousselet as follows : 2 per cent. Cocaine 
hydrochloride 3 c.c., 70 per cent, methyl alcohol 1 c.c., aq. dest, 6 c.c. 
{Turtox VoL 
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John Baker takes : 

Cocaine hydrochloride, 2 per cent, aqueous . 3 c.c. 

Alcohol, 90 per cent. . . . . ,1 c.c. 

Distilled water . . ... .6 c.c. 

Pantin {op, ciL), following Harris, § 21, remarks that cocaine is 
unstable in solution and recommends instead eucaine. Methylated 
spirit as used by Rousselet must have contained 5 per cent, wood 
naphtha (crude methyl alcohol, etc.). Methyl alcohol has been used 
as an anaesthetic by Cori (§ 17), and appears to be an essential part 
of a Rousselet solution. Thus Morrison’s fluid more nearly approaches 
the original Rousselet. 

To use Rousselet, put Polyzoa in their natural water in a small 
watch-glass and remove the water until there is only just enough to 
cover them. Wait until they are well expanded. Add Rousselet’s 
fluid, a little at a time. (Do not let drops of the fluid fall on the water, 
as the shock causes them to contract.) Continue until the watch-glass 
is nearly full, and then wait for ten minutes. Then add 10 drops (or 
less) of i per cent, osmium tetroxide solution, and leave for three 
minutes. Wash repeatedly in changes of distilled water, and preserve 
in 4 per cent, formaldehyde. 

14. Menthol. Now used with great success for anaesthetising 
large marine animals. Place latter in clemi vessel, and sprinkle 
over surface of water, menthol crystals. As the latter dissolve 
the animals expand. In from twelve to twenty -four hours they 
may be transferred to a fixer. Very good for Anemones, Holo- 
thuria, Ascidia and many Mollusca. (Much used by the late 
Dr. E. J. Allen, at Plymouth.) 

15. Nicotin in solution (Andres, Atti R. Acad, dei Lincei, v, 
1880, p. 9). Andres employed a solution of 1 grm. of nicotin in a 
litre of sea water. The animal is placed in a jar contaihing half 
a litre of sea water, and the solution of nicotin is gradually con- 
ducted into it by means of a thread, acting as a syphon, of such a 
thickness as to be capable of carrying over the whole of the 
solution of nicotin in twenty -four hours. See also Mitth. ZooL 
Stat. Neapel, Bd. ii, 1880, p. 123. 

Pantin {op. cit.) recommends tobacco smoke for ciliates and flagel- 
lates, for cilia of Mytilus, and for Hydra. Fill a small tube with smoke, 
invert a slide with specimens in a drop, over the tube. Watch under a 
low power till narcotisation is complete (J — 1 min.). 

16. Chloroform may be employed either in the liquid state 

or in the state of vapour. The animals being extended, a watch- 
glass containing chloroform may be floated on the surface of the 
water in which they are contained, and the whole covered with a 
bell-glass. As soon as they have become insensible they are killed 
by means of hot mercuric chloride or chromic acid solution 
plentifully poured on to them. (Korotneef, ZooL Stat. 

Neapel, v, 1884, p. 233.) 

Liquid chloroform is employed by squirting it in small quantities 
on to the surface of the water containing the animals. A syringe 
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OF pipette having a very small orifice, so as thoroughly to atomise 
the chloroform, should be employed. Small quantities only 
should be projected at a time, and the dose should be repeated 
every five minutes until the animals are ansesthetised. 

Lee has seen large Medusae very completely anaesthetised in 
extension in an hour or two by this method. Andees found 
that it did not succeed with Actiniae, as with them maceration 
of the tissues supervenes before anaesthesia is established. 

Preyee {Mitth, Zool. Slat Neapel, Bd. vii, 1886, p. 27) recom- 
mended chloroform water for star-fishes. 

Wabdington employed a mixture of equal parts of 1 per cent, 
sol. of cocaine (or eucaine) and saturated sol. of chloroform in 
water (sea or fresh), according to the habitat. 

17. Ether and Alcohol may be administered in the same way. 
Andees has obtained good results with Actinias by the use of a 
mixture (invented by Salvatore lo Bianco) containing 20 
parts of glycerine, 40 parts of 70 per cent, alcohol, and 40 parts 
of sea water. This mixture should be carefully poured on to 
the surface of the water containing the animals, and allowed to 
diffuse quietly through it. Several hours are sometimes necessary 
for this. 

Eisig {Fauna u. Flora Golf. Neapel, xvi, 1887, p. 239) benumbed 
Capitellidae by putting them into a mixture of 1 part of 70 per 
cent, alcohol with 9 parts of sea water. 

Oestergeen {Zeit. wiss. Mik.y xix, 1903, p. 300) made a 
saturated (7 to 8 per cent.) solution of ether in sea or soft water 
and used it either concentrated or diluted to about 1 per cent., 
and foun5 that it succeeded with all classes of aquatic animals. 

CoEi (ZeiL wiss. Mik.^ vi, 1890, p. 438) recommended a mixture 
composed of 10 c.c. me&yl alcohol (of 96 per cent, strength), 
90 c.c. water (fresh or sea water), and 0*6 grm. of sodium chloride 
(to be added only when fresh water is taken, the addition of the 
salt having for its object to prevent maceration). It may be well 
to add to this mixture a very few drops of chloroform (for Crista- 
tella ; Zeit, wiss. ZooL, Iv, 1893, p. 626). 

Pantin {op. cit.) recommends 10 per cent, ethyl alcohol for fresh 
water animals. Excellent for Hydra and flatworms. 

Bujoe {Arch, de Zool. expir.iXy 1901) for cestodes used : Ether 1 c c., 
commercial formalin 1 c.c., sea water or saline 10 c.c. 

Pantin {op. cit.) recommends ether vapour for insects, arachnids, and 
terrestrial vertebrates.^^ 

18. Chloretone (Acetone Chloroform) is recommended for inverte- 
brates and larvae of Rana by Randolph {Zool. Am., xxiii, 1900, 
p. 436). Kreckee {Zeit wiss. Zool., xcv, 1910, p. 383) took 
solutions of I to 1 per cent, for Oligochaeta. Sulima {Zeit. Biol. 
Techn., Strasburg, i, 1909, p. 379) took a mixture of 99 parts of 
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seawater and 1 of 10. per cent. soL of chloretone in absolute alcohol, 
for Scyllium and Anguilla. 

For Bryozoa, see Bessie Geeen, Journ. Roy. Mic. Soc., 1914. 

19. Hydrate of Chloral. Foextinger {Arch, de Biol., vi, 
1885, p. 115) operated by dropping crystals of chloral hydrate into 
the water containing the animals. For Alcyonella he took 25 to 80 
centigrammes of chloral for each 100 grm. of water. It takes 
about three-quarters of an hour to render a colony sufficiently 
insensible. He obtained satisfactory results with marine and 
fresh-water Bryozoa, with Annelida, Mollusca, Nemertians, 
Actiniae, and with Asteracanthion. He did not succeed with 
Hy droids. 

Lo Bianco {Mitth. ZooL Slot. Neapel, Bd. ix, 1890, p. 442) 
employed for various marine animals freshly prepared solutions 
of chloral in sea water, of from to ^ per cent, strength. 

We have never had the slightest success with Nemertians, 

Verworn IZeit. wiss. ZotA., xlvi, 188T, p, 99) put Cristatella for a 
few minutes into 10 per cent, solution of chloral, in which the animals 
sooner or later became extended. 

Kukenthal {Jena Zeit. Naturw., Bd. xx, 1887, p. 511) obtained 
good results with some Annelids by means of a solution of 1 part of 
chloral in 1,000 parts of sea water. 

The chloral method gives rise to maceration with some subjects, 
and has been said to distort nuclear figures. 

20. Cocaine. Richards {ZooL Anz., cxcvi, 1885, p. 3827), 
put a colony of Bryozoa into a watch-glass with 5 c.c. of water, 
and added gradually 1 per cent, solution of cocaine hydrochloride 
in water. After five minutes the animals are somewhat numbed ; 
I c.c. of the solution is added, and ten minutes later the animals 
should be found to be dead in a state of extension. 

This method is stated to succeed with Bryozoa, Hydra, and 
certain worms. It is the best method for Rotifers (Rousseeet). 
It has also been recommended for Aplysia. 

It has been pointed out (by Cori, in the paper quoted § 17) that, 
unfortunately, when fixing agents, such as sublimate solution, are 
added to the animals, the cocaine is thrown down on them as a white 
precipitate. This precipitate, however, may be redissolved afterwards 
in alcohol (Eisig). 

Cocaine solutions cannot be depended on to keep for more than a few 
days. 

21. Eucaine. Harris (Jowm. Roy. Mic. Soc,, 1900, p. 404) 
recommended a 1 per cent, solution of eucain hydrochloride, as 
giving far better results, with Vorticellidae, Rotatoria, and Vermes. 
Rousselet (ibid.) reported favourably as to its action on 
Flpscularise, It is stated to be perfectly stable in aqueous media. 
It dissolves in sea water to about 0*5 per cent. 
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22. Hydroxylamine. Hofer {ZeiL wiss. Mik.y vii, 1890, p. 318), 
Either the sulphate or, preferably, the hydrochloride may be used. 
This should be dissolved in water (spring or sea water, according to the 
habitat) and exactly neutralised by addition of sodium bicarbonate. 
The organisms are placed in a solution diluted to about OT per cent., for 
thirty minutes or less (as for Infusoria), to 0*25 per cent., for from 
fifteen minutes to one hour {Hydra), 1 per cent., one half to two hours 
{Jlinido) or as much as ten to twenty hours {Helix and Anodonta). 

Tlydroxylamine is a powerful reducing agent, and should therefore be 
well crashed out before treating with easily reducible fixing agents. 

23. Magnesium Chloride or Sulphate. Tullberg {Arch, 
ZooL Exper. et Gen., x, 1892, p. 11). For Actiniae, a 33 per cent, 
solution of the chloride should be very slowly added to the water 
containing the expanded animal, until the vessel contains 1 per 
cent, of the salt (thus for 1 litre of sea water 33 c.c. of the solution 
must be added). The addition must be completed within half an 
hour, and thirty minutes later the animal may be fixed. 

For terrestrial and fresh-water Invertebrates rather stronger 
solutions should be used. 

Redenbaugii {Amer. Natural., xxix, 1895, p. 399) took the sulphate 
either added in crystals to the sea water containing the animals until 
a saturated solution is obtained, or as a saturated solution into which 
they are thrown (Annelids). 

See also Mayer, Biol. Bull. Wood's Hole, xvii, 1909, p. 341 (puts 
direct into sol. of 70 per cent, strength). 

24. Poisoning by small doses of some fixing agent is sometimes good. 
Lo Bianco killed Ascidia and Bhopalma in an extended state {Mitth. 
ZooL Stat. Neapel, ix, 1890, p. 471) by pouring a little 1 per cent, 
chromic acid on to the surface of the water containing them, and 
allowing it to diffuse slowly into it. About twelve to twenty- four 
hours is necessary. He killed Ciona in a similar way with a mixture of 
1 part of 1 per cent, chromic acid and 9 parts of 49 per cent, acetic 
acid. 

Osmic acid, or Kleinenberg’s solution, is sometimes employed in the 
same w^ay. 

Lee saw Medusae killed in a satisfactory manner by means of crystals 
of corrosive sublimate added to the water containing them. 

Morphia, Curare, Strychnine, Prussic Acid, and other paralysing drugs, 
have also been employed. 

25. Asphyxiation may be sometimes successfully practised. 
Terrestrial Gastropods may be killed for dissection by putting 
them into a jar quite full of water that has been deprived of its 
air by boiling, and hermetically closing it. After from twelve 
to twenty-four hours they are generally found dead and extended. 
The effect is obtained somewhat quicker if a little tobacco be 
added to the water. 

Good results are sometimes obtained with aquatic animals by 
simply leaving them to exhaust the oxygen of the water in which 
they are contained. We have sometimes succeeded with Holo- 
thurise and other Echinoderms in this way. Ward (see Amer. 
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Nat.^ XXV, 1891, p. 398) has succeeded with Hydroids, Actini®, 
and similar forms, and Uexkull {Mitih, ZooL Stat Neapel, xii, 
1896, p. 463) with Echinids. 

Marine animals are sometimes successfully killed by simply 
putting them into spring water. 

Warm Water will sometimes serve to immobilise and even kill 
both marine and fresh-water organisms. 

Carbon Dioxide has been recommended (by Fol. ZooL Anz,, 
cxxviii, 1885, p. 698). The water containing the animals should 
be saturated with the gas. The method is stated to succeed with 
most Coelenterata and Echinodermata, but not with Molluscs or 
Fishes. We have had most excellent results with small Annelids 
and Hirudinea. It is not necessary to employ a generator for 
obtaining the gas. It suffices to take an ordinary “ soda-water ” 
syphon, and squirt its contents into the water containing the 
animals. 

Narcotisation is very rapidly obtained with very small animals, but 
much more slowly with larger ones. For instance, Stylaria proboscidea, 
we find, is paralysed in a few seconds ; a small NepheliSi of 15 or 20 mm. 
in length, will require about five minutes ; and a large Nephelis, of 
from 10 to 15 cm., will require as many hours. 

Uexkull (Mitth. ZooL Stat. Neapel, xii, 1896, p. 463) has paralysed 
Echinids very rapidly with carbon dioxide, likewise a small Teleostean 
fish ; whilst Scyllium and Crustaceans were affected much more 
slowly, and mussels not at all. 

26. Hydrogen Peroxide. Volk {ZooL Anz., xix, 1896, p. 294) 
kills Rotatoria by means of one or two drops of a 3 per cent, 
solution added to 1 c.c. of the water containing them. 

27. Anaesthesia of Animals for Cell Studies. J. McA. Kateb 
(Science, voL 82, 1935) finds sodium amytal satisfactory for 
rabbit liver, there being no difference between control and 
anaesthetised animals after half an hour. The dose was 3 grains 
for an animal of 5 to 6 lbs. weight. Hirsch (Z. Zellf., 1932) and 
Duthie (Proc. Boy. Soc. B., 1933) used Cibalgin for mice, 0*6 c.c. 
of XU solution. Brambell and Others (J. Physiol. 1949) use for 
rabbits, Nembutal or calcium chloride and magnesium chloride, 
for relaxation of uterus. 

28. Barbiturates. This name covers a number of drugs formed 
by substitution from barbituric acid, which itself is not narcotic, 
though some of its compounds are. The sodium salts are freely 
soluble in water, but decompose on standing, or heating. So 
far as we are aware except for Volkonsky’s fluid these compounds 
have been little used for invertebrates, Volkonsky has used the 
following for Infusoria, the exact nature of the barbitrate used 
is not known. Ghloretone 1 grm., ‘^Somnif^ne Roche ” 10 c.c.. 
Isotonic water 1,500 c.c. According to Langeron, who gives the 
reference, “ Somniftne Roche ” is a French proprietary prepara- 
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tion* described as a mixture of dimethyl-barbittiric acid and 
allylisobutylbarbituric acid {sic.) Add part to the dish of 
organisms, and leave for ten minutes. To revive the organisms 
transfer back to pure water. Chloretone itself is a “knock out 
drop ’’ for most organisms (§ 18). 

28 his. Urethane (ethyl carbamate) has been used, see Krogh 
(Internat. Rev,f, HydrobioL, 6, 42, 1914). Romeis (14, Auflage) gives 
the following amounts for laboratory animals, all 10 per cent, solu- 
tion injected subcutaneously : rabbit, 8-12 c.c. ; guinea pig, 
l*5-3c.c. ; rat, 2-3C.C. ; mouse, 0-15 c.c. ; frog, 1-5 c.c. The drug 
works in 1-2 hours. Miss E. J. Hanson has supplied us with the 
following data and has drawn our attention to the importance of 
this drug. 

A 1 per cent. sol. is suitable for producing immobility in serpulids 
and planarians. Some of Krogh’s results are as follows : To narcotise 
a frog, pour 5 per cent, urethane over it in a beaker, take it out when 
narcotised to the required extent, wash in water, keep in a moist 
atmosphere ; it will remain narcotised up to nine days, recovering 
when put into running water. Frog tadpoles, 0-37 pec cent., prevents 
spontaneous movements ; respiration and circulation continue. 
Cyprinus auratus, 0*45 per cent. — complete narcosis with feeble respira- 
tion. Chironomus and Daphnia, complete narcosis in 1 per cent. 
Astacus, an interesting set of experiments suggested that gills are 
practically impermeable to urethane. Nephelis, Limncea^ 1 per cent, 
for complete narcosis. 

29. Annelida. Warren Morrison (op. cit.) uses for Annelida (Chseto- 
gaster, Serpula, etc.) magnesium sulphate ; for Nereis, simply place 
in fresh water for a while ; Lumbricus after feeding on blotting paper, 
transfer to large dish of water into which 70 per cent, ethyl alcohol is 
allowed to drip very slowly, for one to one and half hours. Pinch 
worms to see if anjesthetised. Lower worm by tail into fixative 
(Duboseq-Brasil). If it contracts a little dangle in air till gravity 
extends it, then back into fixative. When dead place in long shallow 
dish till fixed (about six hours). 

^ Dr. Stuart informs us that this is “ a water-glycerine and alcohol solution 
of the diethylamine salts of diethylbarbituric acid (barbitone) and ailyliso- 
propyl barbituric acid containing the equivalent of 0*1 g. (about 3 J gr.) of each 
acid per c.c.’* 
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FIXING AND HARDENING 

30. The first great fixative suggested is usually said to have 
been Flemming’s fixative, which contained acetic acid, and was 
announced about sixty-eight years ago. The use of formol was 
discovered over fifty years ago by F. Blum, and because it is 
cheap, easily kept in the bulk of 40 per cent, solution, a fairly 
good storage fluid, and generally favourable to stains, it is un- 
doubtedly the most important fixative known. The last great 
fixative invented was Bouin’s picro-formol-acetic acid described 
in 1897, and it is widely used in zoological laboratories because 
it is so reliable, and gives a good fixation of most tissues and small 
animals. Formalin is used, in two well-known chromosome 
fixatives, Sanfelice’s and Bouin’s fluids, and is a part of two 
routine mitochondrial methods, Regaud’s and Helly’s fluids. It 
is the basis of many silver, cell and nerve methods. 

Function of Fixing Agents. The main function of the 
fixative is, {a) To set or fix parts of organs or tissues for as normal 
a position as possible so that subsequent operations of teasing out 
or cutting the material into slices thin enough to see through 
will not considerably alter the micro-anatomical arrangement of 
the tissue elements. The older workers made out a great deal 
by teased fixed preparations mounted in glycerine or one of the 
“ examination media.” {h) To set intra-cellular bodies so that 
the intimate histology and cytology of the cells can be studied, 
(c) To arrest post mortem, autolytic, osmotic and other changes 
in the tissue, {d) To bring out differences in the refractive indices 
of parts of organs, {e) To render insoluble as much of the con- 
stituents of the cells as possible, so that these resist the subsequent 
technical process necessary to make the finished slide. 

The three great divisions of cell materials fall under the heads of 
proteins, carbohydrates and fats, and the majority of common watery 
fixatives coagulate proteins, leave fats much as they were intra vitam, 
but attack carbohydrates in greater or less degree. In all cases the 
fats and carbohydrates tend (if not masked) to lie in vacuoles, so that 
in the energetically fixed cell, one has a matrix of coagulated protein 
locking the vacuoles. To be extracted from the tissue by a given 
solvent, the carbohydrate or fat must needs be able to pass through 
the fixed protein membrane during the time the tissue is exposed to 
solvents. Usually the lipoid (fatty) materials are not dissolved out 
by the fixative but are altered or dissolved in the subsequent treatment 
in alcohol and imbedding fluids preparatory to infiltration by wax. 
Thus when the statement is made that picroformol does not preserve 
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fat in the seel ions, it is meant that the fats dissolve in the wax im- 
bcddinjj; ]>rocess. Actually smears or gelatine sections of picro-formdl 
material Iiave the fat in situ. 

The reader should therefore notice carefully that some observations 
on soluliilities of fixatives refer to sections prepared by wax imbedding, 
in which the effects of the fixative have been further altered by alcohol 
and liot fluids like xylol or benzol used to dissolve wax. This effect of 
alcohol and substances like xylol and benzol can be avoided by teasing 
and mounting in glycerine media, or by imbedding in gelatine blocks 
prior to cutting sections, or by frozen sections. 

31. Penetration Time and Post-Mortem Changes, Various 
autolytic changes take place more or less rapidly in living cells 
after the animal has been killed and circulation of body fluids 
ceases. In cells like arthropod leucocytes or fibroblasts which 
appear to be very resistant such changes are less easily seen, 
but in germ cells and especially in gut cells, autolytic changes or 
changes caused by alteration in the hydrogen ion concentration 
or by degrees of asphyxia and toxsemia may be rapid. Thus 
penetration time is more important in cytological fixation than 
in histological or micro-anatomical fixation. Even in an organism 
like a calcareous sponge, which would seem to be very penetrable, 
instantaneous fixation is necessary. Histological tissues of verte- 
brates left for hours in fixatives until penetration is complete, 
only have the outside layers of cells well fixed, but this may be 
of no special importance to the histologist who may aim at a 
polychrome or contrasting staining of the various tissue elements 
in bulk. Histologically,’ study of penetration up to p^^^iods of hours 
is nseful and interesting ; cytologically, these studies are worthless, 
because no cytological studies of value can be done on material which 
has been so long exposed to post-moiiem changes. For this reason 
Q^ytologists have always understood that only the outer layers of 
a piece of tissue can be well fixed. 

32. The Common Fixing Substances, Tliese are osmium tetroxide 
or osmic acid, formaldehyde gas in water (formalin), chromium 
trioxide in water (chromic acid), potassium bichromate, mercuric 
chloride (corrosive sublimate or simply ‘‘ sublimate ’’), picric acid 
in water, alcohol (ethyl), acetic acid in water. Platinum chloride, 
trichloracetic acid, chloroform, nitric acid, uranium nitrate, etc., 
are also used in fixing mixtures. Acetic acid, alcohol and chloro- 
form attack fats in cells and obviously must produce artefacts. 
The best fixatives are mixtures of formalin, chrome salts and osmic 
acid. Flemming’s fluid without acetic is the best fixative known 
to-day, wdth acetic acid for chromosomes, without acetic for 
cytoplasmic bodies. Its excellence is mainly due to its osmic 
acid content. The usual practice in using fixatives is to cut small 
pieces or slices with a sharp razor, and immerse them immediately 
in the fixative. Some people still use injection fixation, which is 
to wash out the blood with normal saline or Ringer, and to follow 
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by injecting the fixatives. After that the animal, if small, or pieces 
of the animal are cut and placed in the fixative. 

There have been endless discussions as to the validity of fixation 
images from the time of Fischeb {Fixirung Farbung und Bau des 
Pfotoplasmm, Jena, 1899) up to the present day. The new phase 
contrast microscope is being useful here, and it wiil have a great part 
to play in establishing correct criteria of cellular normality. So far 
the phase contrast microscope shows that the Flemming without 
acetic acid, and Altmann and osmic acid fixed cell gives a valid image. 

33. The Rate of Penetration of Fixatives. There are studies on 
the rate of fixation penetration of chosen tissues. Outstanding 
‘ work in this field has been done by Tellyesniczky (Arch, mih\ 
Anat, 52, 1898 ; ibid,, 60, 1902; ibid,, 66, 1905; in Krause, 
1926-27). In his later work Tellyesniczky used liver, spleen 
and kidney as test objects. He found that fixatives penetrate 
in this order ; potassium bichromate, acetic acid, ethyl alcohol 
of 96 per cent., formaldehyde, mercuric chloride (corrosive 
sublimate), chromic acid, osmium tetroxide and picric acid, 
this the slowest. 

The reader interested in this branch of histology should refer to 
Mebawar’s paper (J. B. M, S., vol. lx, 1940) ; the problem has been 
simplified by arranging that various fixatives on trial should penetrate 
a tube of coagulated blood plasma, so that correct reading of rate of 
penetration can be made. Medawar states that the fixatives pene- 
trating plasma obey the laws of diffusion, within the limits of error in 
the experiments described. He finds that the distance penetrated 
by fixatives is directly proportional to the square root of the time of 
fixation. On the question as to whether a fixative ever makes a barrier 
against itself by coagulation of the material, he claims that fixatives 
neither retard nor facilitate their own entry into the coagulum. 
Medawar’s statement refers, of course, to fowl plasma, not necessarily 
for example to the penetration of an aponeurosis, or cancellous bone. 

At or near the strengths used, Medawar finds that fixatives penetrate 
as follows : Acetic acid, Formalin, Mercuric chloride, Potassium 
bichromate, Chromic acid, Osmic acid, Picric acid, absolute alcohol 
in that order, the last mentioned being the slowest. Acetic acid 
does not coagulate proteins, but fixes nueleoproteins. Formalin 
penetrates very rapidly, and presumably even though it does fix slowly, 
its actual presence in the cell may stop post-mortem changes. Mercuric 
chloride is the most penetrating protein precipitant, and it fixes more 
rapidly in acid solution. Medawar notes that osmic acid softens the 
coagulum very markedly. Picric acid is curiously slow, and its beha- 
viour interesting. In the tube of plasma, Medawar says that below the 
incisive margin of precipitation there is a clear yellow band of picric 
acid below precipitation strength. Below this again there is a sharp 
margin of initial precipitation which tails off into the depths of the tube. 
Medawar interprets this by saying that picric acid is below coagulation 
strength when it is sufficiently acid to precipitate serum globulins. 
These re-dissolve as the acidity rises and are eventually irreversibly 
denatured by the picric acid. Picric acid causes marked shrinkage 
of the coagulum. As for absolute alcohol, Medawar states that the 
fixed depth separates in a remarkable way into bands of different 
optical density, heavy and light bands alternating. This is a “ Liese- 
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gang Ring ” effect, which has nothing to do with the fixative as such. 
Alcohol penetrates slowly, which is remarkable. 

It will be noted carefully that Medawar’s work refers to 
plasma, and not to tissues, A tissue consists of thousands of cells, 
each surrounded by a membrane, and groups of cells are further 
surrounded by connective tissue. Ramifying through this are 
blood and lymph spaces, and the problem of penetration must 
be much more complicated than occurs with plasma. Medawar 
found that ethyl alcohol penetrates plasma very slowly, while 
Tellyesniczky noted this substance as a fast penetrator of tissue. 
Actually in Medawar’s experiments the fixative got through 
the plasma about four times as fast as through tissue. According 
to Medawar’s experiments, in a mixture, a fixing reagent acts 
as if it were alone (excepting possibly where two fluids are known 
to interact). Most fixatives are well spread out in the mixture, 
in the sense that the ingredients reach a fixed point at sharply 
distinct times. The nearer the point is to the outside of the 
piece of tissue, the shorter the time lag between the action of the 
various components. Medawar also points out that there is no 
correlation between the coarseness of fixation grain produced by 
protein precipitants, and their rate of penetration. 

It is now generally understood that formol penetrates very 
rapidly, but fixes very slowly. As Medawar points out, this accounts 
for the conflicting statements in the literature, the two effects 
having been confused by various authors. See also Miss B. 
Undeehill (J. R, M, /S'., lii, 1932). 

34. On Shrinkage* and SwelHng of Fixed Tissues, This question 
is of paramount importance to the microtomist, and A. A. 
Taekhan (J. R, M, /S'., 387, 1931) has made some valuable experi- 
ments on this topic. He finds that formol from 5 to 10 per cent, 
over periods of twenty-four to forty-eight hours does not shrink 
tissues. Mercuric chloride, alcohol, chromic acid, bichromate of 
potassium, and picric acid (sat. aq. sol.) powerfully shrink. 
Acetic acid and trichloracetic swell, especially when tissues so 
treated are passed directly to water — ^hence transference to 96 per 
cent, alcohol is always indicated. “ Susa ” material can, contrary 
to current belief, be transferred to 50 per cent, alcohol without 
swelling. On the other hand, it is during the clearing period that 
maximum shrinkage takes place, for clearing is productive of slow 
and progressive shrinkage. Xylol and toluol shrink material more 
than benzol, while cedar-wood oil produces least shrinkage. Benzol 
penetrates very rapidly and is quickly eliminated during im- 
bedding in wax. The paraffin infiltration period also produces 
progressive shrinkage, an effect largely proportional to the tem- 
perature. Tarkhan does not give data for terpineoL 

35. Osmotic Pressure of Fixatives, It has been customary for many 

Compression losses, see §§ 171 , 182. 
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years to make up formaldehyde solutions in saline. Urea also has been 
added to fixatives like Bouin. According to Carleton (§ TO) the 
addition of saline to mercuric chloride is of no histological import- 
ance. Meves sometimes used up to 2 per cent. NaCl in his chrome- 
osmic solutions. J. Z. Young (Nature, May 18th, 1935) claimed that 
the addition of saline to Flemming and Champy is useful, and there 
are grounds for belie\nng that Young is correct. The swelling or 
shrinkage caused by fixing fluids with or without added indifferent 
salts might be due to effect on cells, or on connective tissue, membranes, 
or on both. Tellyesniczky thought that osmotic pressure had little 
effect on the fixation of cells, since .these toxic coagulating fluids so 
alter the tissue that its elements could not respond to osmosis. It 
has been pointed out by J. Baker (Cytological Tech., 2nd ed., Methuen) 
that Berthold (Jahrh. wiss. Bot. (Pringsh.) 13, 1882) was the first 
to suggest the addition of indifferent salts to fixatives. It is regrettable 
that Medawar did not consider this problem in his valuable study on 
the penetration of fixatives, and there is still much work to be done in 
this field. 

36. Protein Denaturation. During fixation the proteins 
become changed or denatured. The subject is outside the scope 
of this book, but the reader interested will find discussions in the 
following articles. 

Bull, H. B. (1941), “ Protein Structure,” Advances in Enzymology, 
vol. 1, 1 ; Cohn, E., and J. T. Eds all (1943), “Proteins, Amino 
Acids and Peptides,” New York (Reinhold); Neurath, H., et al. 
(1944), Review of Denaturation, Chem. Rev., 34, 15T ; Bateman, J. B., 
in “ Physical Chemistry of Cells and Tissues,” by R. Hober, 1945 
(London : Churchill) ; Sollner, K., in “ Colloid Chemistry,” ed. by 
J. Alexander, vol. 5 (New York : Reinhold) ; MacPherson, C. F. L., 
and M. Heidelberger (1945), J. Amer. Chem. Soc., 67, 574 ; 
Steinhardt, j. (1945), >i4nn. Rev. Biochemistry, 14, 145; Briggs, 
D. R., and R. Hull (1945), J. Amer. Chem. Soc., 67, 200T ; McMeekin, 
T. L., and R. C. Warner (1946), Ann. Rev. Biochemistry, 25, 119 ; 
also cf. miscellaneous references in “ Advances in Protein Chemistry,” 
ed. by L. M. Anson and J. T. Edsall, vol. i (1944) to vol. iii (1946). 
New York : Academic Press. 

37. The Practice of Fixation. See that the structures are perfectly 
living at the instant of fixation, otherwise you will only fix pathological 
states or post-mortem states. 

Some observers have made special observations on the effect of delay 
in fixation ; J. Thornton Carter {Phil Trans. Roy. Soc., Series B, 
vol. ccviii, 1917) has made some interesting experiments on the finely 
granular ameloblasts in the developing teeth of the pike. He noticed 
that the cytoplasm gave evidence of marked changes unless fixed within 
three minutes of “ death ” ; these changes were manifested by the 
behaviour of the cytoplasmic granules to stains ; the selectivity of the 
latter was progressively altered as the rapid post-mortem changes were 
set in action. 

Fixation is generally performed by immersion of the objects in 
the fixing liquid. In this case, everything should be done to 
facilitate the rapid penetration of the fixing agent. To this end 
let the structures be divided into the smallest portions or thinnest 
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slices that can conveniently be employed, and if entire organisms 
are to be fixed whole, let openings, as large as possible, be first 
made in them. . 

The penetration of reagents is greatly facilitated by heat. You 
may warm the reagent and put it with the object to be fixed in 
the paraffin stove, or you may even employ a fixing agent heated 
to boiling-point (as boiling sublimate solution for certain corals 
and Hydroids, or boiling absolute alcohol for certain Arthropods 
with very resistant integuments). But this should only be done 
as a last resource. On the other hand, very cold reagents are 
no'wadays used for some purposes.* Let the quantity of fixing 
agent employed be many tunes the volume of the objects to be 
fixed. If this precaution be not observed the composition of 
the fixing liquid may be seriously altered by admixture of the 
liquids or of the soluble substances of the tissues thrown into it. 
For a w^eak and slowly acting fixing agent, such as picric acid, 
the quantity of liquid employed should be in volume about one 
hundred times that of the object to be fixed. Reagents that act 
very energetically, such as Flemming’s solution, may be employed 
in smaller proportions. 

38. Washing Out. Careful washing out (by which is meant 
the removal from the tissues of the excess of uncombined fixative) 
is necessary in order to get tissues to stain properly. But it is 
not always imperative. Alcohol and formaldehyde do not require 
washing out before staining ; • acetic and picric acid only for some 
stains ; sublimate will allow of staining even if not 'washed out, 
but allows of a sharper stain if well washed out ; all osmic, chromic, 
and platinic liquids need very thorough washing out. 

It is important to use the appropriate liquid for washing out 
the fixing agent after fixation. It is frequently by no means a 
matter of indifference whether water or alcohol be employed 
for washing out. Sometimes water will undo the whole work 
of fixation (as with picric acid). Sometimes alcohol causes 
precipitates that may ruin the preparations. Other objects fixed 
in alcohol, formol, acetic acid, picric acid, or nitric acid require to 
be washed out with alcohol, or at least with some hardening 
liquid, whilst those that have been fixed with osmic or chromic 
acid, or with one of the other compounds of the heavy metals, 
require in general to be washed out with water. Sublimate, 
however, is best washed out with alcohoL 

Use of liquid for washing. 

For almost any objects which are to be washed out in water, 
it is convenient to use wide-mouthed vessels containing the 
animals or pieces of tissue. Gauze, or mosquito netting of a 
mesh smaller than the objects, is tied over the mouth and the 
vessel is placed under a running tap, 

* Refer to § 896. Saguchi has once again stressed this point. 
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Very minute objects may be tied in a special phial and placed 
in a larger vessel, or alternatively distilled water may be pipetted 
on them at intervals. 

The process of washing out is greatly facilitated by heat. Picric 
acid, for instance, is nearly twice as soluble in alcohol warmed 
to 40° C. as ill alcohol at the normal temperature (Fol). 

The correct period for washing out Golgi apparatus and mito- 
chondrial material is extremely important (see § 899). 

39. Fixation of Marine Animals. The tissues of marine 
organisms are as a general rule more refractory to the action of 
reagents than those of corresponding fresh-water or terrestrial 
forms, and fixing solutions should in consequence be stronger 
(about two to three times). It is generally recommended when 
possible to make up such fixing solutions, using sea water instead 
of aqua pura. 

Marine animals ought to be freed from the sea water adherent to 
their surface before treating them either with alcohol or any fixing 
reagent that precipitates the salts of sea water. If this be not 
done, the precipitated salts will form on the surfaces of the 
organisms a crust that prevents the penetration of reagents to 
the interior. Fixing solutions for marine organisms should there- 
fore be such as serve to keep in a state of solution, and finally 
remove, the salts in question. If alcohol be employed, it should 
be acidified with hydrochloric or some other appropriate acid. 
Picro-nitric acid is a fixing reagent that fulfils the conditions here 
mentioned. (On this subject see Mayek, in Mitth. ZooL Stat. 
Neapel, ii (1881), pp. 1 et seq., and Allen and Browne in ‘‘ Science 
of the Sea,” John Murray, 1912). 

For a marine formalin, see J. Baker’s formula, § 112. It is 
our experience that pieces taken from freshly opened marine 
animals fix adequately in ordinary fixatives. Elsewhere, however, 
other marine formulae are given in the Section on Invertebrates. 
(See Dekuysen’s Fluids, § 64 and Young § 785.) 

40. Hardening. The process of hardening is distinguished from that 
of fixing as being directed to the attainment of a degree of consistency 
sufficient to allow of soft tissues being cut into sections without imbed- 
ding. It is an after-process, and only ranks as a special method. 

Methods of imbedding have now been brought to such a degree of 
perfection that the thorough hardening of soft tissues that was formerly 
necessary in order to cut thin sections from them is, in the majority of 
cases, np longer necessary. But there are some exceptions. Such are, 
for instance, the cases in which it is desired to cut very large sections, 
such as sections of the entire human brain. 

The reagents employed for hardening are for the most part of the 
same nature as those employed for fixing. But it does not follow 
that all fixing agents can be employed for hardening. Corrosive 
sublimate, for instance, would be almost inappropriate as a hardening 
agent, 10 per cent, formol or 4 per cent. K 2 Gr 207 being indicated. 

The Practice of Hardening. Employ in general a relatively large 
wo/wme of hardening liquid, and change it very frequently. If the 
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volume of liquid be insufFieient, its composition will soon become 
seriously altered by the dilBhision into it of the soluble substances of 
the tissues ; and the result may be a macerating instead of a hardening 
liquid. 

Hardening had better be done in tali cylindrical vessels, the objects 
being suspended by a thread, or muslin bag, or otherwise, at the top of 
the liquid. This has the advantage of allowing diffusion to take place 
as freely as possible, rrhilst any precipitates that may form fall harm- 
lessly to the bottom ; or, they may be laid on a layer of cotton-wool, or 
filter-paper, or spun glass. 

In general, begin hardening with a weak reagent^ increasing the 
strength gradually, as fast as the tissues acquire a consistency that 
enables them to support a more energetic action of the reagent. 

Let the objects be removed from the hardening fluid as soon as they 
have acquired the desired consistency. 

41. Fixation by Altmann’s Freezing-Drying Method. Altmann 
froze organs, or blocks of tissue, and dehydrated them at low 
temperatures (— 15° C. to — 20° C.) in a vacuum, and showed 
that such material was preserved without shrinkage and was 
suitable for the localisation of substances normally within the 
body (Altmann, Die Elementarorganismen und ihre Beziehungen 
zur den Zellen, 1890, Leipzig : Veit). This method has received 
scant attention until recently when Geush {Anat Rec,, liii, 1932, 
p. 309) greatly improved the apparatus required for the successful 
application of this method. Briefly stated, the method, as 
developed by Gersh, consists in freezing tissue in liquid air (by 
simple immersion) and then dehydrating at about — 20° C. in a 
vacuum. When completely dried the tissue is placed in melted 
paraffin and after infiltration is imbedded. It may now be 
sectioned and treated as desired. This method is finding wide 
application, by Bensley and Gersh and their students, in the study 
of cell structures which have been unaltered by the chemical and 
physical reagents commonly employed in microscopic technique. 

“The greatest objection to this technique so far for cytological 
study has been the redistribution of substances within the protoplasm 
by ice crystal formation. We have reduced the size of these ice crystals 
by freezing in iso-pentane,” . . .“ The main advantage is the almost 
instantaneous fixation and cessation of all chemical activity,” from 
Normand L. Hoerr, Anat Rec,, 65, 1936. 


CHAPTER IV 
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42. Osmium tetroxide (Osmic acid). This is perosmic anhy- 
dride, the aqueous solution forming the acid, perosmic acid 
(H 2 OSO 5 ). Osmic acid (H 2 OSO 4 ) is properly the aqueous solution 
of the trioxide (Mellor). However, throughout this book, by 
osmic acid is meant the watery solution of the tetroxide, as the 
older terminology is too deep-rooted to change. Osmium 
tetroxide is extremely volatile, and in the form of an aqueous 
solution becomes partially reduced with great readiness in the 
presence of the slightest contaminating particle of organic matter. 
It is generally believed that the aqueous solutions are reduced by 
light alone, but this is not the case : they may be exposed to the 
light with impunity if dust must he absolutely denied access to 
them. 

The solution is made up to 2 per cent, as follows. Take a clean 
glass stoppered bottle and paste black paper around it up to the neck. 
The osmium tetroxide is put up in J or 1 grm. sealed tubes. The J grm. 
tubes are the best to buy as smaller quantities can be made up at a 
time, as it is a most expensive substance. The label is scraped off in 
water after soaking, and the tube is then washed carefully in distilled 
water, shaken off and dropped into the bottle. On shaking the bottle 
it should break the tube. If not the end of the tube may need to be 
filed. Enough water to make up approximately a 2 per cent, solution 
is used, as this stren^h is necessary for Champy’s fluid. After the 
osmic has been standing for a few weeks, its condition may at any 
time be judged by sucking some into a pipette for examination. The 
osmic bottle should be kept in a dark cool cupboard. 

The fumes are injurious to the eyes and nose. 

The solution of osmic acid in chromic acid solution is not, like the 
solution in pure water, easily reducible, but may be kept without any 
special precautions. Bolles Lee used to keep the bulk of osmium 
in the shape of a 2 per cent, solution of osmic acid in 1 per cent, aqueous 
chromic acid solution. This solution served for fixation by osmium 
vapours, and for making up solution of Flemming, which is the form 
in which osmium is most generally employed. A small quantity of 
osmic acid may also be made up in 1 per cent, solution in distilled water, 
and kept in a drop-bottle with grooved stopper, from which quantities 
can be obtained when required without removing the stopper. 

CoRi (Zeit. wiss, Mik., vi, 1890, p. 442) finds that solutions in distilled 
water keep perfectly if there be added to them enough permanganate 
of potassium to give a very slight rosy tint to the liquid. From time 
to time, as the solution becomes colourless, further small quantities of 
the salt should be added, so as to keep up the rosy tint. 

Busch finds that the addition of sodium iodate hinders reduction 
(Neurol. Centralb., xvii, 1898, p. 470). 

PiNTNER finds that a slight addition of corrosive sublimate has the 
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same effect, e,g, 10 drops of 5 per cent, solution of sublimate added to 
100 e.c, of 1 per cent, solution of osmic acid. 

For the Kopsch, Mann-Kopsch and Sjoval! methods the osmic 
acid solution should be free from all traces of chrome and platinum 
salts, etc., but in this laboratory E. S. Duthie on mouse material 
got excellent Kolatschew preparations in osmic acid solution 
which was brownish with chrome salts. 

For the so-called “regeneration” of reduced solutions, see 
previoiis editions. 

Fixation by the Vapours, This is indicated in most of the 
cases in which it is possible to expose the tissues directly to the 
action of the vapour. Very small objects, such as isolated cells, 
are simply placed on a slide, which is inverted over the mouth of 
the bottle. 

They remain there until they begin to turn brown (isolated cells 
will generally be found to be sufficiently fixed in thirty seconds ; 
whilst in order to fix the deeper layers of relatively thick objects, such 
as retina, an exposure of several hours may be desirable). It is well to 
wash the objects with water before staining, but a very slight washing 
will suffice. For staining, methyl-green may be recommended for 
objects destined for study in an aqueous medium, and, for permanent 
preparations, alum-carmine, picro-carmine, or ircematoxylin. 

In researches on nuclei, it may be useful to employ the vapours of a 
freshly prepared mixture of osmic and formic or acetic acid (Gilson, 
La Cellule, i, 1885, p. 96). 

Tlie reasons for preferring fixation by the vapour are that osmic 
acid is more highly penetrating in vapour than in solution ; that the 
arduous washing out required by the solutions is done away with ; 
and that all possibility of deformation through osmosis is eliminated. 

Fixation by Solutions, Osmic acid is now very seldom used 
pure in the shape of solutions. When, how^ever, it is so employed 
it is used in strengths varying from^^^ to 2 per cent. Never more 
than 2 per cent, need be used. 

On account of its feeble penetrating power the objects to he fixed 
should be as small as possible. 

The solutions should be kept protected from bright light 
during the immersion of tissues. (This precaution is not necessary 
if Flemming’s or Hermann’s solution be used.) If the immersion 
is to be a long one the tissues must be placed with the solution in 
well-closed glass-stoppered vessels. The objects may be deemed 
to be fixed as soon as they have become brown throughout. But 
see “ Mann-Kopsch Methods,” § 918. 

After-Treatment The excess of osmic acid must be well washed 
out before proceeding to any further steps in preparation ; water 
should be used for washing. Notwithstanding the greatest care 
in soaking, it frequently happens that some of the acid remains 
in the tissues, and causes them to blacken in time, and in any 
case hinders staining. To obviate this blackening it has been 
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advised to soak them for twenty-four hours in a solution of 
bichromate of potash (Muller’s solution or Erlicki’s will do), or in 
0*5 per cent, solution of chromic acid, or in Merkel’s solution. 
The treatment with bichromate solutions has the great advantage 
of highly facilitating staining with carmine or hsematoxylin. Max 
Schultze recommended washing, and mounting permanently in 
acetate of potash ; Fol, treatment with a weak solution of car- 
bonate of ammonia. But the best plan of all is to properly 
bleach the preparations. See “Bleaching.” This may be done 
by means of peroxide of hydrogen, Overton (Zeit, mss, Mik,, 
vii, 1890, p. 10) finds that it is completed in a few minutes in a 
mixture of 1 part commercial peroxide with 10 to 25 parts 70 
per cent, alcohol. The commercial peroxide, slightly aciduated 
with HCl, will keep well in the dark ; but the mixture with 
alcohol must be made fresh for use. According to Bristol 
(Amer, Natural,, xxvii, 1893, p. 176) the peroxide acts best in the 
sun. Binet {Journ, de VAnat, et de la Physiol,, xxx, 1894, p. 449) 
has successfully used permanganate of potash. Mann {Methods, 
etc., p. 83) takes a solution of 0*25 per cent., and treats the browned 
tissues with 1 part of saturated solution of sulphurous acid to 9 
of normal salt solution. . . . Monckeberg and Bethe {Arch, 
Mik, Anat,, liv, 1899, p. 135) have succeeded in satisfactorily 
restoring the staining susceptibility of osmium material by 
means of sulphurous acid (obtained by adding hydrochloric acid 
to bisulphite of sodium, 2 to 4 drops of the acid added to 10 c.c. 
of a 2 per cent, solution of the salt). For dioxan “ bleaching ” 
see § 929. 

Fol {Lehrb,, p. 174) recommends a weak aqueous solution of ferri- 
cyanide of potassium. 

Lee finds that sulphate of iron solution used in Benda’s haematoxylin 
stain has a marked bleaching effect, and so also, though in a less degree, 
the iron alum of Heidenhain’s process. 

Altmann {Die Elementarorganismen, pp. 33 and 35) put sections 
overnight into gold chloride of 2 per cent., and reduced in formic acid 
in the sun, and removed the gold by iodised alcohol. 

But perhaps the best plan is the chlorine method of Mayer, or 
his magnesium peroxide, for both of which see “ Bleaching.” 

The same stains recommended for objects fixed by the vapours 
will be found useful here. For sections, of course, in both cases 
safranin and other anilin stains may be employed with advantage, 
as may haematoxylin. 

In general, osmic acid, especially when used in the form of vapour, 
fixes ^ protoplasm very faithfully, nuclei badly. It is pre-eminently a 
fixative of the or enchylema of cells. The penetrating 

power of the solution is very low, so that if any but very small pieces of 
tissue be taken the outer layers become over-fixed before the reagent 
has penetrated to the deeper layers. Over-fixed cells have a certain 
homogeneous, glassy, or colloid look, and are unfit for study, and 
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attention should be confined to cells four or five layers deeper down, 
which will generally be found to present the required intensity of 
fixation. In these the fixation is admirable, with no shrinkage and 
next to no swelling of anything. See also § 84. 

43. The Osmium Tetroxide Reaction. Mann believed that 
during the osmic reaction on fatty substances the OSO 4 was 
reduced to osmium tetra-hydroxide Os(OH) 4 . Other observers 
have assumed the reaction to be the reduction of the OsG^ to 
some lower oxide. The matter has been reviewed by Professor 
J. R. Pahtington and Mr. D. B. Huntingford, who find that 
the reduced substance is a hydrated form of OsOg, possibly 
OsOg, SHgO, or OsOg, GHgO. In all probability, Professor 
Partington informs us, the amount of water is not definite. 

44. Estimation of Osmium Tetroxide. Tschugaeff (C. R, Acad. 
ScL, 167, 1918) discovered a test for concentration of osmic acid, 
which has been discussed and usefully amplified by Richard 
Palmer (J. R. M. S.y 1980). A solution of OsO^, heated with 
thiourea in excess, with a few drops of HCl diluted to in. 
strength, gives a clear red colour, varying in depth with the 
concentration of osmic acid used. 

45. Osmic Mixtures. Nicolas {Intern. Monatsschr., 1891, p. 3) adds 
i per cent, of osmic acid to nitric acid of 3 per cent. Lee has employed 
a similar mixture and not had good results, though he found the mixture 
kept perfectly, 

Busch (Neurol Centralb., xvii, 1898, No. 10, p. 476 ; Zeit wiss. Mik., 
XV, p. 873) finds that the penetration of osmic acid is enhanced by 
combining it with sodium iodate, which by hindering its too rapid 
decomposition in the tissues ensures a more energetic action in the 
deeper layers. He adds 8 per cent, of sodium iodate to a 1 per cent, 
solution of osmic acid. 

Unna (Monatsschr. prakt Derm., xxvi, 1898, p. 602) adds 1 per cent, 
of pot. alum to a 1 per cent, solution. For some mixtures of Kolossow, 
see Uh ed., or Zeit. wiss. Mikr., v, 1888, p. 51, and ix, 1892, p. 39. 

46. Chromic Acid. Chromic anhydride, Cr 03 , is found in 
commerce in the form of red crystals that dissolve readily in 
water, forming chromic acid, H 2 Cr 04 . These crystals are very 
deliquescent, and it is therefore well to keep the acid in stock in 
the shape of a 1 per cent, solution. Care must be taken not to 
allow the crystals to be contaminated by organic matter, in the 
presence of which the anhydride is readily reduced into sesquioxide. 

Chromic acid is generally employed in aqueous solution. It is 
not a very penetrating reagent, and for this reason, as well as for 
others, is now seldom used pure for fixing. Some observers 
(Klein ; Urban Pritchard ; Perenyi) have recommended 
alcoholic solutions ; but this is evidently irrational. For in the 
presence of alcohol chromic acid has a great tendency to become 
reduced to chromous oxide or sesquioxide, neither of which appears 
to have any fixing power. 
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Tlie most useful strengths in which it is employed in aqueous 
solution are from 0-1 to 1-0 per cent, for a period of immersion of 
a few hours (structure of ceils and ova). For nerve tissues weaker 
solutions are taken, to ^ per cent, for a few hours. Stronger 
solutions, such as 5 per cent., should only be allowed to act for a 
few seconds. 

Washing out. The general practice is to wash out very 
thoroughly with water (by preference running water, for many 
hours) before bringing into alcohol or any staining liquid. For 
if the objects are put direct into alcohol it is found that after a 
short time a fine precipitate is thrown down on the surface of the 
preparations, thus forming an obstacle to the further penetration 
of the alcohol. Previous washing by water does not prevent the 
formation of this precipitate, and changing the alcohol does not 
prevent if from forming again and again. It has, however, been 
found by Virchow (^m^. mik. AnaL, xxiv, 1885, p. 117) that it 
may be entirely prevented by simply keeping the prepara- 
tions in the dark. The alcohol becomes yellow as usual (and 
should be changed as often as this takes place), but no precipitate 
is formed. If this precaution be taken, previous washing with 
water may be omitted, or at all events greatly abridged. 

Mayer {Grundzuget 1st ed., p. 28) proceeds as follows : — ^The fixed 
material is merely rinsed in water and brought direct into 70 per cent, 
alcohol. It is washed therein, preferably in the dark, until after several 
changes the alcohol remains colourless. It is then either passed through 
higher alcohols and imbedded in paraffin, the chromous oxide (or 
whatever chrome compound it may be that is present in the tissues) 
being removed from the sections after these are made ; or this necessaiy 
removal is performed at once. If this be preferred, the material is 
brought into sulphuric acid diluted with ^twenty volumes of water, 
or into nitric acid diluted with ten volumes of water. After at most a 
few hours therein, it will have become of a light greyish green, and on 
removal of the acid may be readily stained. If it be preferred to treat 
the sections^ it is sufficient to put them into the usual hydrochloric acid 
alcohol (4 to 6 drops of HCl to 100 c.c. of 70 per cent, alcohol), in which 
after a short time they become almost white, and will stain excellently 
with any of the usual stains. See also Ebingeb {ZeiU wiss. Mik,, i, 1884, 
p. 126 ; ■ nitric acid 1 : 20 for five minutes). Unna {Arch, mik, Anat,, 
XXX, 1887, p. 47) holds that the chrome is present in the tissues in the 
form of chromium chromate, and removes it by treatment with hydrogen 
peroxide. Overton {Zeit, wiss, Mik., vii, 1890, p. 9) employs a weak 
solution of sulphurous acid, which converts it into a sulphate. See also 
the directions for bleaching osmic acid preparations. 

Tissues that have been fixed in chromic acid may be stained in 
aqueous solutions, as water does not have an injurious effect on 
them. 

The best stain for chromic material that has not been treated 
of Mayer’s special process, or by a similar one, is hematoxylin, 
or, for sections, the basic tar colours. 

For prolonged hardening it is generally employed in strengths 
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of I to I per cent., the immersion lasting a few days or a few 
weeks, according to the size and nature of the object. Mucous 
membrane, for instance, will harden satisfactorily in a few days ; 
brain will require some six weeks. 

-Large quantities of the solution must be taken (at least 200 grm. 
for a piece of tissue of 1 cm. cube — ^Ranvier). 

In order to obtain the best results you should not employ 
portions of tissue of more than an inch cube. For a human 
spinal cord you should take 2 litres of solution, and change it for 
fresh after a few days. Six weeks or two months are necessary 
to complete the hardening. Lee thought it was frequently useful 
to add a little glycerine ; there is then less brittleness. The solution 
should be taken weak at first, and the strength increased after a 
time. The objects should be removed from the solution as soon 
as they have acquired the desired consistency, as if left too long 
they will become brittle. They may be preserved till wanted in 
alcohol (95 per cent.). It is well to wash them out in water for 
twenty-four or forty-eight hours before putting them into the 
alcohol. After a time they generally become *green in the alcohol. 
They may be bleached if desired. 

Chromic acid is a most powerful and rapid hardening agent. 
By it you may obtain in a few days a degree of hardening that 
you would hardly obtain in as many weeks with bichromate, 
for instance. It has the defect of a great tendency to cause 
brittleness. 

47. Chromo-acetic Add (Fleiviming, Zellsbz,^ Kern. u. Zellth., p. 382). 

Chromic acid . . 0*2 to 0*25 per cent, in water with, 

Acetic acid . . OT per cent. 

Flemming found this the best reagent for the study of the achromatic 
elements of karyokinesis. You can stain with hsematoxylin, or the 
basic aniiin dyes. 

The following has been reconunended for Annelids by Bhleks 
T o 100 c.c. of chromic acid of 0*5 to 1 per cent, add from 1 to 5 drops 
of glacial acetic acid. The acetic acid is said to be sufficient to counter- 
act any shrinkage due to the chromic acid. Fix overnight, wash out 
several hours in water. 

Sunilar to this is the ‘‘chromo-acetic acid, No. 1,” of Lo Bianco 
{Mitth. ZooL StaL Neapel, ix, 1890, p. 443), viz, 1 part 50 per cent, 
acetic acid and 20 parts 1 per cent, chromic acid, which is found very 
useful for fixing marine animals. 

48. Chromo-nitric Acid (Pee:6nyi's formula, ZooL v, 

1882, p. 459). 

4 parts 10 per cent, nitric acid. 

3 parts alcohol. 

3 parts 0*5 per cent, chromic acid. 

These are mixed, and after a short time give a fine violet- 
coloured solution. 
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The objects are immersed for four or five hours, and then 
passed through 70 per cent, alcohol (twenty-four hours) strong 
alcohol (some days), absolute alcohol (four or five days). They 
are then fit for cutting. The advantage of the process is, amongst 
others, that segmenting eggs and nuclei are perfectly fixed, the 
ova do not become porous, and cut like cartilage. 

Ghromo-nitric acid is not only an embryological reagent, 
and a very important one, but also an admirable one for general 
work. Lee found it altogether excellent for preserving marine 
organisms, especially large forms. Strong alcohol need only be 
used if the objects are destined to be sectioned. 


Another advantage is that the fixing solution may be combined with a 
stain. (In this case the aluminous envelopes of the ova must be 
carefully removed, otherwise the stain will not penetrate.) 

Some stains, such as acid fuchsin or aniline red, may be dissolved 
directly in the fixing solution. Others, such as eosin, purpurin, 
aniline violet, must first be “ dissolved in three parts of alcohol, and 
then shaken into the liquid.” 

Picro-carmine and borax-carmine may be added to the liquid, but 
they give rise to a precipitate, which must be removed by filtration 
before using. 

Another formula given by Perenyi {Zooh Anzeig., 274, 1888, p. 139, 
and 276, p. 196) is as follows : 

3 parts 20 per cent, nitric acid. 

3 parts 1 per cent, chromic acid. 

4 parts absolute alcohol. 

For embryos of Lacerta. Fix for twenty minutes. Wash out for an 
hour with 70 per cent, alcohol, and then with strong alcohol. Stain with 
Delafield’s hsematoxylin and treat the stained material for three to five 
minutes in 1 per cent, chromic acid. 

49. Chromo-formic Acid (Rabu, Morph. Jahrb., x, 1884, pp. 215, 216). 
Four or five drops of concentrated formic acid are added to 200 c.c. of 
0*38 per cent, chromic acid solution. The mixture must be freshly 
prepared at the instant of using. Fix for twelve to twenty-four hours, 
wash out with water. Used by Rabl for the study of karyo kinesis. 
(See also under Formic Acid, § 124.) 


50. Chromo-aceto-osmic Acid (Flemming, Zellsubstanz, Kefn 
und Zelltheilung, 1882, p. 381). First or Weak formula : 

Chromic acid . . . 0-25 per cent. ^ 

Osmic acid . . . 0*1 ,, Un water. 

Glacial acetic acid . .0*1 ,, J 

Meves {Encycl. mih\ Techn., 1, p. 475) sometimes added 1 per 
cent, of sodium chloride. See also § 31. 


Fol {Lehrh. d. vergL mik. Anai,, 1884, p. 100) recommends the 
following variant : 


1 per cent, chromic acid 

1 per cent, osmic acid 

2 per cent, acetic acid 

Water . , 


25 vgIs, 
2 ,, 


— that is to say, a mixture weaker in osmium than Flemming’s. 
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A mixture stili weaker than this in osmium, viz. with 1 voL osmic 
acid solution, instead of 2, has been recommended by Com {Zeit. wiss, 
Mik., vi, 1890, p. 441), 

Second or Strong formula {Zeit. wiss. Mik., 1, 1884, p. 349) : 

1 per cent, chromic acid . , .15 parts. 

2 per cent, osmic acid . . . . 4 ,, 

Glacial acetic acid . . . . . 1 part. 

If this mixture be kept in stock in large quantities, it may go 
bad, on account of the large proportion of organic acid contained 
in it. We therefore recommend that the osmic and chromic acid 
be kept ready mixed in the proportions given, and 5 per cent, of 
acetic acid added at the moment of using. 

It has been pointed out by J. Z. Young (Nature, May 18th, 1935) 
that the addition of 0-75 to 0*95 per cent. Nad, according as to whether 
cold-blooded or warm-blooded animal tissues are being fixed, appears 
to increase the area of cells fixed. It should be mentioned that Meves 
sometimes added 1 per cent. NaCl to the weak formula. In our experi- 
ence the addition of NaCl causes disintegration of the solution in only 
a few weeks, and the fluid if to be stored should be made up as follows : 
solution A, 15 parts of 1 per cent, chromic acid in aq. dest. ; solution B, 
4 parts of 2 per cent. OSO4 in 4 per cent, (actually 4*275 per cent.) 
NaCl. Dissolve the osmic acid crystals first and then add the salt. 
Before fixing material add 15 parts of A to 4 parts of B. This gives 
a Flemming without acetic acid with 0*9 NaCl. 

Weaker Formula. Later, Flemming had been making up the 
mixture with only 2 parts of the osmic acid instead of 4, and has 
spoken of this modification as “weaker osmium mixture’’ 
(Meves, in Encycl. mikr. Techn., p. 476). 

Meves (he. cit.) took for delicate objects 15 parts of chromic 
acid of only 0*5 per cent., 2 or 4 of osmic acid of 2 per cent., and 
1 of acetic acid, and thus got less shrinkage. 

The first or weak liquid is the better for very small objects, the 
second or strong one for larger ones, as it has hetter penetraMon. These 
liquids may be allowed to act for many hours or days or according 
to some workers even weeks or months ; but this exaggerated fixation 
is clearly only justifiable in very special cases, if at all. For chromosome 
studies some workers fix for only one hour. Others recommend cooling 
the Flemming on ice before using.* Wash out very thoroughly in 
water (running, twenty-four hours), or treat as directed for chromic 
acid, § 46. Stain with alum haematoxylin if you wish to stain in toto 
(staining in this way with other reagents is possible, but difficult). 
Stain sections with safranin or other basic coal-tar colour, or with iron 
haematoxylin. 

For fixing with strong mixture you need only take a bulk of 
liquid of some four times the volume of the objects (but with the weak 
mixture the proportion should be increased).. Both of them are first- 
rate fixatives of cellular structures, both as regards their preservation 
and as regards their optical differentiation. But they must be properly 
used, and not applied to objects for which they are not fitted. For 
instance, their power of penetration is extremely had ; they will not 
fix properly, even in a loose-celled tissue, through more than a layer 
* Carefully note § 896. 
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of about five cells tliiek. They are therefore suitable only for very 
small objects or for very small pieces of tissue, such as suffice for cyto- 
logical or histological work. The strong liquid especially has not the 
character of a general reagent. As a matter of fact it was recommended 
by Flemming in the first instance merely for a very special purpose, 
the hunting for karyokinetic figures, and not for general purposes. It 
is still very much used, but in most cases Bonin’s picroformol will do 
all that it is intended to do, without its disadvantages. 

It may be used for prolonged hardening, e.g. of small pieces of nervous 
tissue, and is very good for that purpose. 

Fat is blackened (or browned) by it. Chromatin is mordanted by it 
for the basic anilin dyes, enabling them to give peculiarly sharp and 
powerful stains. 

It has been shown by J. Baker, of Oxford, that Flemming’s fluid is 
really a modification of M. Flesch’s (1879) chromic acid osmium 
tetroxide fluid with acetic acid added. Flesch’s fluid was therefore 
the first chromic osmium fluid without acetic acid. Flemming’s strong 
fluid with acetic acid was a later modification and to-day is the standard 
chromosome fixative. Continental workers (see Romeis and Langeron) 
attribute Flemming’s strong fluid without acetic to Heitz, and call it 
Flemming-Heitz. J. Baker indicates that the senior editor’s use of F. W. A. 
at the Oxford Laboratory over thirty years ago was not original, but that 
the mixture is due to Lewitsky {Ber, dent. Bot. Ges., 29, 1911), but it 
appears from Baker’s own data that this small but important modifica- 
tion is a Flesch fluid. For a discussion on priority in the use of F.W.A., 
see Baker, p. 99. The senior editor was unaware that Flesch or 
Lewitsky had used an F.W.A. before, and had arrived at the modifica- 
tion by empirical methods in the same way as fixatives are still adjusted 
to-day for any special purpose. 

According to J. Baker the letters F.W.A. are incorrect as in these 
cases the W. stands for with, not without. However, since ordinary 
Flemming always contains acetic acid, the meaning of the letter W. 
should not be in doubt. 

51. Osmic Acid and Bichromate. Altmann {Die Elementar- 
organismen, Leipzig, 1890) took for his ‘‘ bioblasts ” a mixture 
of equal parts of 5 per cent, solution of bichromate of potash and 
2 per cent, solution of osmic acid. The bichromate ought not to 
contain any free chromic acid. Refer to § 904. 

Lo Bianco (Mitth. ZooL Stat. Neapelt ix, 1890, p. 443) employed for 
marine animals a mixture of 100 c.c. of 5 per cent, solution of bichro- 
mate and 2 c.c. of 1 per cent, osmic acid. 

Hoehl {Arch, Anat Phys,, Anat, Abth,, 1896, p. 31) recom- 
mended a mixture of 80 c.c. of 3 per cent, bichromate, 20 c.c. of 
1 per cent, osmic acid, and 2 c.c. of glacial acetic acid. 

Bensley (see Co wdry, ‘‘ Mitochondrial Constituents,” 
Contrib, EmbryoL, Carneg. Inst, Washington) uses 2-5 per cent, 
bichromate. 

Baker and Thomas take equal parts of 3 per cent, bichromate 
and 2 per cent, osmium tetroxide. See “ Gy tological Technique ” 
(Baker). 

52. Bichromate-chromic-osmic Acid. Champy {Arch, de ZooL 
Exper., 1913). Mixture of 7 parts of 3 per cent, potassium 
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bieliromate, 7 parts of 1 per cent, chromic acid, 4 parts of 2 per 
cent, osmium tetroxide. 

Ihis mixture keeps well. Fix for from six to twenty-four 
hours. Wash out in running water about the same time. 

\ ou can stain in iron hsematoxylin, or less well in Altmann 
or Benda. See § 904 for a description of mordanting after 
Champ 3 r’s fluid. This fluid is extremely useful, and we nearly 
always use it in addition to Flemming. 

Since the addition of 0-75 per cent, to 0*9 per cent. NaCl causes 
disintegration of this solution in about a week, the salt Champy 
may be made up as follows. Seven parts of 3 per cent, bichromate, 

/ parts of 1 per cent, chromic ; then add before use 4 parts of 
2 per cent, osmium in 4 per cent. NaCl (actually 4*275 per cent ) 
to make a Champy with 0*9 per cent. NaCl. Dissolve the osmic 
acid first, and then the NaCl. 

Mixture)^^^' Bichromate, and Platinic Mixture (Lindsay Johnson’s 


Potassium bichromate (2*5 per cent.) 
Osmic acid (2 per cent.) . 

Platinum chloride (1 per cent.) . ! 

Acetic or formic acid 


70 parts. 

10 „ 

15 „ 

it ^ ^reat deal with this reagent, and recommended 

It highly, and said (Lcfons siir la Cellule, p. 61) : “ It is well only to add 

olmhfm frequently reduces the 

osmium and platinum very rapidly and energetically He found that 

of sorts of protoplasm less than mixture 

of Flemming. Lee thought highly of it— for certain objects. Twelve 
hours IS probably the optimum time for fixation. Wash out in water. 
Plahno-aceto-osmic Acid (Hermann’s) Solution (Arch. Mik 
P- One per cent, platinum chloride 15 parts, 
onlv o ^ ^ P®*' acid either 4 parts or 

lipttpr^Ti^l*^^'*’ found that protoplasm structures are thus 

better preserved than with the chromic mixture. As with Flemmino- 

threMf<'^?rT^ ^ sixteen hours. Wash out at least 

three hours in running water. 

should be the same as for objects 
treated with Flemming s solution. Rengel (Z«L wiss. Zooh, Liii, 

aoiienus ^a-shes out for half an hour to an hour with saturated 

eSally rfn^cIdf"" ’ 

T iti* fixative is, roughly, similar to that of Flemmino 's. 

ike Flemmings, it mordants chromatin for staining with“ basic ” 
t^thfnlntf^ which it affords equally fine nuclear stahis. But, owing 
h%tv diminishes more than Flemming’s the eolora- 

in AmfmHn rt"* ? iit causes a notable shrinkage 

^ fixation of cytoplasm, to which it gives a 
much moie fine-grained aspect than liquid of Flemming does. ^ 

chondria lsM Sol'^"^*''' "'ito- 

T- i*^"”,*** (Zct7. wiss. Mikr., xxv, 1909, p. 886) took 4 narts of 

^dSTuTt\efnr ^ ^ of acetic acid! 

added just before use, fixes for twenty-four hours, and washes out 
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tiie sections before staining with water containing a little calcium 
acetate. 

56. Nitric Acid (Altmann, Arch. Anat. Phys., 1881, p, 219). Altmann 
employed for fixing embryos dilute nitric acid, containing from 3 to 3| 
per cent, pure acid. Such a solution has a sp. gr. of about 1-02. Stronger 
solutions have been used, but do not give such good final results. xAfter 
extensive trial Lee found Altmann’s solution to be a second-rate 
reagent, giving a weak and thin fixation. 

His {ibid., 1877, p. 115) recommended a 10 per cent, solution. 
Flemming at one time employed solutions of 40 to 50 per cent, for the 
ova of Invertebrates. 

Tellyesniczky (Arch. mik. Anat., lii, 2, 1898, p. 222) thought that 
“ for general cell-fixing ” the proper strength is 2 to per cent., as 
stronger grades act too energetically on the superficial layers. 

Mayer, has had good results with 5 per cent, solution. 

Nitric acid has the valuable property of fixing yolk without making 
it brittle. 

Pure water should in no case be used for washing out ; the prepara- 
tions should be brought direct into alcohol. Some persons take absolute, 
but 70 per cent, is more generally indicated. Rabl has employed a 
1 or 2 per cent, solution of alum. 

For prolonged hardening, strengths of from 3 to 10 per cent, are 
sometimes employed. A strength of 12 per cent., allowed to act for 
two or three weeks, is said to afford very tough preparations of the 
encephalon. 

Benda {Verh. Anat. Ges., 1888 ; Ergeb. d. Anat., i, 1891, p. 7) fixed for 
twenty-four to forty-eight hours in 10 per cent, nitric acid, and then 
hardens in bichromate of potash. 

FoFs Mixture (verbally communicated to Lee). Three vols. of nitric 
acid, with 97 vols. of 70 per cent, alcohol. 

57. Chromic Acid and Platinum Chloride (Merkel’s Macula lutea 
des mensehen, Leipzig, 1870, p. 19). Equal volumes of 1-400 solution 
of chromic acid and 1*400 solution of platinum chloride. Objects 
should remain in it for several hours or even days. After washing out 
with alcohol of 50 to 70 per cent., objects stain excellently. If objects 
that have been fixed by osmic acid be put into it for some hours, 
blackening is said to be effectually prevented. 

This is an excellent hardening medium for delicate objects. Merkel 
allowed from three to four days for the action of the fluid for the 
retina ; for Annelids Eisig employed an immersion of three to five 
hours, and transfers to 70 per cent, alcohol ; for small leeches Whitman 
found one hour sufficient, and transferred to 50 per cent, alcohol. 

A similar mixture, with the addition of 0*25 to 0*1 per cent, of acetic 
acid, was recommended by Brass for Protozoa ; and Lavdowsky 
used for nuclei a mixture of 10 parts of 1 per cent, chromic acid, 5 of 1 
per cent, platinum chloride, and 100 of 5 per cent, acetic acid. 

Whitman recommended for the hardening of pelagic fish ova a 
stronger mixture (due, we believe, to Eisig), viz. : — 

0*25 per cent, solution of platinum chloride . 1 vol. 

1 per cent, solution of chromic acid . , 1 „ 

The ova to remain in it one or two days (Whitman, Methods in Micro. 
Anat, p. 153). 

58. Chromium Compounds. The chromates are amongst the oldest 
and best tried of hardening agents. Potassium bichromate especially 
was at one time universally employed for hardening all sorts of 
tissues. 

VADE-MECTTM.’ 2 
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Flemming (Ai'ch. rriik. Anat, xviii, 1880, p. 352) pointed out 
that though it preserves cytoplasm well it causes chromatin to 
swell, and tlierefore should not be employed /or the study of nuclei. 
But, duly corrected with acetic acid, it affords a coirect and fine 
fixation of nuclei ; whilst preserving secretions, etc., much better 
than chromic acid. 

For general work Zenker or Zenker Formalin and Kultschitzky 
are the only bichromate formulae which are recommendable, and 
probably only for vertebrate material. The chromates are of 
great importance in neurological work, and as fixing fluids before 
staining bacteria in tissues. 

None of these solutions approaches Bonin’s fluid in general applica- 
bility, Tellyesniczky and MiiUer usually giving atrocious results. 

For an elaborate study of the action of chrome salts on nucleus and 
cytoplasm, see Burckhardt, {La Cellule, xii, 1897, p. 335). 

For the demonstration of the achromatic figure of cell division he 
recommends : 

Chromic acid, 1 per cent, solution . . .60 vols. 

Potassium bichromate, 5 per cent, solution . . 30 ,, 

Glacial acetic acid . . . . . . 5 ,, 

59. Potassium Bichromate.* Perhaps the most important of all 
known hardening agents, senu stricto. It hardens slowly, much 
more so than chromic acid, but it gives an incomparably better 
consistency to the tissues. They may remain almost indefinitely 
exposed to its action without much hurt. 

The strength of the solutions employed is from 2 to 5 per cent. 
As with chromic acid, it is extremely important to begin with weak 
solutions and proceed gradually to stronger ones. About three weeks 
will be necessary for hardening a sheep’s eye in solutions gradually 
raised from 2 to 4 per cent. Spinal cord requires from three to six 
weeks, a brain at least as many months. 

After hardening, the objects should be well soaked out in water 
before being put into alcohol, or be treated as directed for chromic 
acid, § 46. They had better be kept in the dark when in alcohol. 
(Boiim and Oppel [Taschenbiick, ^ Auf,, 1896, p. 22] fix in the dark.) 
If you wish to have a good stain with carmine you should not put the 
objects into alcohol at all, emen for a second, until they have been stained. 

You may stain either with carmine or hamiatoxylin, as well as with 
tar colours. 

Bichromate objects have an ugly yellow colour which cannot be 
removed by mere soaking in water. It is said that it can be removed 
by washing for a few minutes in a 1 per cent, solution of chloral hydrate. 

Prof. Gilson wrote that alcoholic solution of sulphurous anhydride 
(SO 2 ) is very convenient for the rapid decoloration of bichromate 
objects. A few drops suffice. See also § 911, and “ Bleaching.” 

To facilitate staining with hsematoxylin, Wolff (Zeit, wiss, Mik,, xv, 
8, 1899, p. 311) first stains in Boehmer’s haematoxylin for twenty-four 
hours, and then for a few minutes in the same haematoxylin to which 
has been added 1 drop per watch -glassful of 5 per cent, solution of 
oxalic acid, 

* Regaud’s fluid, § 909, also carefully note §§ 79, 119, 
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The simple aqueous solution of bichromate is hardly to be recom- 
mended as a fixing agent, because it does not preserve nuclei properly. 

60, Acetic Bichromate (Tellyesniczky, Arch, mik, Anat, lii, 
1889, p. 242) : 

Bichromate . . . . . 3 grm. 

Glacial acetic acid .... 5 c.c. 

Water ...... 100 „ 


Smaller objects to remain in the fluid for one or two days, larger 
ones longer. Wash well in plenty of water, and pass through 
alcohols of increasing strengths, beginning with 15 per cent. 

Mixtures of bichromate with osmic acid have been given above, 
§§ 51 et seq. Here is a well-known chrome nitric fluid : 

Kollmann’s Fixative (Kollmann, ArcL Anaf, Phys,, 1885, 
p. 296). 


Potassium bichromate 
Chromic acid . 
Concentrated nitric acid 
Aq. dest. 


5 grm. 


2 

2 




. 100 c.c. 


For ova of Teleostea. Fix for twelve hours, wash with water 
for twelve hours, then remove the chorion, and put the ova into 
70 per cent, alcohol, 

61. Muller’s Solution. 

Potassium bichromate . . . 2-2 J parts. 

Sodium sulphate . . . . 1 part. 

Water . . . . . , 100 parts. 

The duration of the reaction is about the same as with the simple 
solution of chromic salt. 

Recent authors find the action of this liquid to be identical with 
that of plain bichromate, and doubt whether the sulphate in it has any 
effect whatever as regards its hardening properties.* Fol says that for 
s mammalian embryos, for which it has been recommended, it is worth- 
less. 


62. Erlicki’s Solution {Warschauer med. Zeit.^ xxii, Nos: 15 
and 18 ,* Progris Medical, 1897, No. 31) : 

Potassium bichromate . . . 2-5 parts. 

Copper sulphate . . . . 1*0 part. 

Water . . . . . . 100*0 parts. 

Here the addition of the cupric sulphate is intelligible, for this 
salt is itself a hardening agent of some energy. As a matter of 
fact, Erlicki ” hardens very much more rapidly than either 
simple bichromate or Muller’s solution. A spinal cord may be 
hardened in it in four days at the temperature of an incubator 
(30'’-40'' C.), and in ten days at the normal temperature (Fol, 
Lehrh, d. vergL mik, Anat, p. 106). Human embryos of several 
months may be conveniently hardened in it. 

* See Peter Gray, § 1449. 
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Nerve-centres that have been hardened in Erlicki’s fluid frequently 
contain dark spots with irregular prolongations, simulating ganglion- 
cells. These are now known to consist of precipitates formed by the 
fluid. They may be removed by washing with hot water, or with water 
slightly acidified with hydrochloric acid, or by treating the specimens 
with 0-5 per cent, chromic acid before putting them into alcohol 
(Tschisch, Virchow's Arch,, Bd. xcvii, p. 173 ; Edinger, Zeit. zviss, 
Mik., ii, p. 245 ; Loewenthal, Rev, med. de la Suisse romande, 6me 
annee, i, p. 20). 

63. Kultschitzky’s Solution (Zeit zoiss, Mik,, iv, 1887, p. 348). A 
saturated solution of potassium bichromate and copper sulphate in 
50 per cent, alcohol, to which is added at the instant of using a little 
acetic acid, 5 or 6 drops per 100 c.c. 

To make the solution, add the finely powdered salts to the alcohol in 
excess, and leave them together in total darkness, for twenty -four 
hours. 

Fix for twelve to twenty-four hours in the dark. Then treat with 
strong alcohol for twelve to twenty -four hours. 

64. Dekhuyzen’s Liquids (C. R. Acad. Sci,, cxxxvii, 1903, pp. 415 
and 445). (a) 250 c.c. of 2,5 per cent. sol. of bichromate in sea-water, 
25 c.c. of 6.3 per cent, nitric acid, and 54 c.c. of 2 per cent, osmic acid. 
For general use with marine animals. 

(b) 173.1 c.c. of the bichromate sol. and 26*9 of 2 per cent. sol. of 
osmic acid. 

For objects containing calcareous elements that it is desired to 
preserve. 

These liquids are stated to be isotonic with sea-water. 

65. Ammonium Bichromate. This salt is in considerable favour for 
hardening. Its action is very similar to that of the potassium salt. 
Fol says that it penetrates somewhat more rapidly, and hardens some- 
what more slowly. It should be employed in somewhat stronger 
solutions, up to 5 per cent. 

66. Neutral Ammonium Chromate is preferred by some. It is used 
in the same strength as the bichromate. Klein has recommended it for 
intestine, which it hardens, in 5 per cent, solution, in twenty-four hours. 

67. Calcium Bichromate. Sonnenbrodt (Arch, mikr, Anat, Ixxii, 
1908, p. 416) fixes ovaries of Galltis in 20 parts of 2 per cent. sol. of 
calcium bichromate with 10 of 2 per cent, sob of siiblimate and 1 of 
acetic acid. 

68. Bichromates and Alcohol. Mixtures of potassium bichromate 
or ammonium bichromate with alcohol may be employed, and have a 
more rapid action than the aqueous solution. Thus Hamilton takes 
for hardening brain a mixture of 1 part methylated spirits with 3 parts 
of solution of Muller ; see also Kultschitzky’s mixture, anie, § 63). 
Preparations should be kept in the dark during the process of hardening 
in these mixtures. 

69. Sulphurous Acid. Waddington {J our n, Roy, Mic. Soc,, 1883, 
p. 185) uses a saturated solution of sulphurous acid in alcohol for fixing 
infusoria. Overton (Zeit wiss. Mik., vii, 1890, p. 9) uses the vapours 
of an aqueous solution for fixing algae. 

70. Mercuric Chloride, Bichloride of Mercury (Corrosive Sub- 
limate or Sublimate). Corrosive sublimate 1 part is soluble in 
about 16 parts of cold and 3 of boiling distilled water. It is 
more soluble in alcohol {1:3) or in ether (1:4) than in water. 
Its solubility in all these fluids is augmented by the addition of 
hydrochloric acid, ammonium chloride, or camphor. With 
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sodium chloride it forms a more easily soluble double salt ; hence 
sea-water may dissolve over 15 per cent. 

The simple aqueous solutions should always be made with 
distilled— XiOt ^^Tmg — ^water. The HgClg in them has been assumed 
partly to split up by hydrolysis into Cl, H, and (HgCl) 2 , or 
HgClOH (see Chem. Centralh,^ i, 1904, p. 571). But J. Baiter 
{Cytological Technique, 1933) points out that mercuric chloride 
partly hydrolyses into hydrogen and chlorine ions and (HgCl )20 
or HgClOH, according to Luther {Chem. Centralbl., 8, i, 1904). 
These solutions should give an acid reaction with litmus paper, 
whilst those made with strong sodium chloride solution are 
neutral. 

Carleton (Q. J. M. S., voL Ixvi, 1922) has investigated the com- 
parative effects of isotonic saline and distilled water when used as 
solvents for mercuric chloride and formol in histological fixation. 
From this work it appears to be of no histological importance whether 
saturated (6 per cent.) solutions of mercuric chloride be dissolved in 
normal saline or in distilled water. No differences could be detected 
in specimens of liver, small intestine, and kidney fixed in either way, 
nor would there be any reason to expect such differences on a priori 
grounds. For the relatively high molecular concentration of the HgClg 
is only very sliglitly altered by dissolving it in either isotonic saline or 
in hypertonic saline of double the normal concentration. In fact, the 
only effect of making up a concentrated solution of mercuric chloride 
in normal saline is slightly to increase the tonicity of the mixture. 

In the case of a 5 per cent, solution of formol the evidence is 
that this reagent fixes tissues more faithfully when made up in 
normal saline than in distilled water. When dissolved in the 
latter the ground cytoplasm is often vacuolated, and sometimes 
partly destroyed. 

For fixing, corrosive sublimate may be used pure ; but in most 
cases a finer fixation will be obtained if it be acidified with acetic 
acid, say about 1 per cent, of the glacial acid. We find that a 
saturated solution in 5 per cent, glacial acetic acid is a very good 
formula for marine animals ; for others take the acid weaker. 
Kaiser’s solution consists of 10 grm. sublimate, 3 c.c. glacial 
acetic acid, and 300 c.c. distilled water (from ZeiL wise. Mih., xi, 
p. 378). Van Beneden has used a saturated solution in 25 per 
cent, acetic acid, and Lo Bianco {Mitlh. ZooL StaL Neapel, ix, 
1890, p. 443) a mixture of 2 parts saturated solution with 1 part of 
49 per cent, acetic acid. 

It is sometimes advisable to take the most concentrated solution 
obtainable. For some very contractile forms (coral polypes, Planaria), 
a concentrated solution in warm or even boiling water should be 
employed. For Arthropoda alcoholic solutions are indicated. Delicate 
objects, however, may require treatment with weak solutions. 

Objects should in all cases be removed from the fixing bath as 
soon as fimd, that is, as soon as they are seen to have become 
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opaque tliroughoutj which may be in a few minutes or even 
seconds. 

Wash out with water or alcohol. Alcohol is almost always 
preferable. Alcohol of about 70 per cent, may be taken, and 
(Mayee, Intern. Monatsschr. Anat. Phys., iv, 1887, p. 43) a little 
tincture of iodine ^ may be added to the liquid, either aleoiiol or 
water, used for washing, enough to make it of a good port -wine 
colour, and the mixture be changed until it no longer becomes 
discoloured by the objects. ApIthy (Mikrotechnik^ p. 148) took a 
0*5 per cent, solution of iodine in strong alcohol, leaving the 
objects in it (suspended) until they have become of about the 
same colour as the solution, and then washing for twenty -four 
hours in pure alcohol. 

Spulee (Mayee, ZeiL wiss. Mikr., 35, 1918) suggested that the 
precipitate is probably either mercurous chloride, or a phosphate 
formed by reaction with the phosphates found in cells. 

In obstinate cases solution of iodine in potassium iodide {e.g. Lugol’s) 
may be taken. Mayer {Zeit wiss. Mik., xiv, 1897, p. 28) makes it 
by dissolving 5 grm. of potassium iodide in 5 c.c. of distilled water and 
mixing this with a solution of 0*5 grm. of iodine in 45 c.c. of 90 per cent, 
alcohol, but seldom uses the mixture concentrated, merely adding as 
much of it as is required to the alcohol or water containing the objects. 
The important point is, that the iodine and iodide be employed to- 
gether. The iodine may be washed out in obstinate cases with magnesia 
water. Similarly ApAthy {Mittk. Zool. Slat. Neapel, xii, 1897, pp. 729, 
730). 

It has been objected to this process that iodine in potassium iodide 
precipitates corrosive sublimate instead of dissolving it. That is true, 
but the precipitate is soluble in excess of the precipitant. 

The potassium iodide process should be employed with care, 
for the iodide may partly redissolve the precipitated compounds 
formed by the sublimate with the albumens, etc., of the tissues, 
and it may be well not to begin adding the iodine till the objects 
have been brought into fairly strong alcohol, 70 or 80 per cent. 

It is important that the sublimate be thoroughly removed from 
the issues, otherwise they become hrittie, and will not stain so 
well. They may also become brittle if they are kept long in 
alcohol. 

It may happen that if the extraction of the excess of sublimate 
from the tissues in bulk has been insufficient, crystals may form 
in the sections after they have been mounted in balsam. This 
may easily be prevented by treating the sections themselves with 
tincture of iodine for a quarter of an hour before staining mount- 
ing. Some workers hold that this does away with the necessity of 
treating the tissues in bulk with iodine, which is frequently a very 
long process. Thus, MAnn {Zeit. wiss. Mik., xi, 1894, p. 479) pre- 
fers treating the sections rather than the tissues in bulk, on the 

* Refer to, and contrast, Susa, § 93. 
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groiuid that the iodine makes them soft, so that they shrink on 
coming into parafiin. Schafer {AnaL Afiz., xiii, 1897, p. 463), 
however^ has shown that neglect to extract the sublimate from the 
tissues in hulk may give birth to serious artifacts, which appear to 
arise during the imbedding process. So also Loyez {Arch, Anat, 
Micr,, viii, 1905, p. 71), Heidenhain {Zeit. wiss, Mik,, xxv, 1909, 
p. 398) removes the iodine from sections by means of sodium 
thiosulphate. 

You may stain in any way you like. Carmine stains are pecu- 
liarly brilliant after sublimate. 

The solutions must not be touched with iron or steel, as these 
produce precipitates that may hurt the preparations. To mani- 
pulate the objects, wood, glass or platinum may be used ; for 
dissecting them, hedgehog spines, or quill pens, or cactus spines. 

When properly employed, sublimate is for general work un- 
doubtedly a most useful fixing agent. It is applicable to most 
classes of objects. It is perhaps less applicable, in the pure form, 
to Arthropods, as it possesses no great power of penetrating chitin. 
For cytological work it is, according to our experience, not to be 
trusted unless with osmic acid, and only to be recommended where 
more precise fixing agents are contra-indicated by reason of their 
lack of penetration, or the like. Amongst other defects it has that 
of frequently causing very serious shrinkage of cells. 


71. Sublimate with Salt. A solution containing 5 grms. sublimate, 
0-5 grm. sodium chloride, and 100 c.c. water has been quoted as “ solu- 
tion of Gau|>e.” 

A I per cent, aqueous solution of sodium chloride saturated whilst 
hot with sublimate was much recommended by Heideniiain {Fest- 
schrift f, Koelliker, 1892, p. 109).. 

The addition of sodium chloride allows a stronger solution to be 
obtained than can be made with pure water, and also, it is stated, 
enhances the penetration of the sublimate. But the fixation-precipi- 
tates (§ 70) formed by the double salt are (according to Spuler, EncyL 
mik. Technik,, p. 1274} for the most part soluble in water, thus giving 
rise to imperfect preservation. 

Concentrated {i,e. over 20 per cent.) solution in sea-water is recom- 
mended for some marine animals. 

Stoelzner {Zeit, wiss. Mikr., xxiii, 1906, p. 25) recommends 
saturated solution of sublimate in sugar solution of 4J- per cent., as 
isotonic (for warm-blooded animals). 

Liquid of Lang (Zool. Anzeiger, 1878, i, p. 14). For Flanaria. 


Distilled water 
Sodium chloride 
Acetic acid . 

Mercuric chloride . . 

(Potassium Alum, in some cases 


100 parts by weight. 
6 to 10 „ „ 

6 to 8 „ 

3 to 12 „ 

i part.) 


72. Alcoholic Solutions. ApIthy {Mikrotechnik, p. Ill) recom- 
mends a solution of 3 to 4 grms. of mercuric chloride and 0*5 grm. 
sodium chloride in 100 c.c. of 50 per cent, of alcohol for general 
purposes. 
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Ohlbiacher (Joiirn, Exper. Medicine, ii, 6, 1897, p. 671) takes— 

Absolute alcohol . . . . . 80 parts. 

Chloroform . . . . . . 15 „ 

Glacial acetic acid . . . . . 5 ,, 

Sublimate to saturation (about 20 per cent.). 

‘‘ Ordinary pieces ” of tissue are sufficiently fixed in fifteen to thirty 
minutes. Entire human cerebral hemispheres, subdivided by Meynert’s 
section, take eighteen to twenty-four hours. 

For liquids containing a much higher proportion of acetic acid, see 
Acetic Alcohol, 


73. Acetone Solution. Held {Arch, Anat. Phys,, iknat. Abth., 
1897, p. 227) fixed nerve-tissue in a 1 per cent, solution of sublimate 
in 40 per cent, acetone, and washed out through increasingly con- 
centrated grades of acetone. 

74. Phenol Solution. Pappenheim (Arch, Path, Ayiat, clvii, 1899, 
p. 23) shakes up carbolic acid with aqueous sublimate solution and 
filters. 

75. Mercuro-nitric Mixtures. Frenzel (Arch, mik, Anat,, 
xxvi, 1885, p. 232) recommends a half-saturated solution of 
sublimate in 80 per cent, alcohol, to which is added nitric acid in 
the proportion of 1 drop to 1 or 2 c.c. Objects of the size of a pea 
to be fixed in it for five or ten minutes, then hardened in the same 
sublimate alcohol without the acid, and finally in 90 per cent, 
alcohol. It is said that the nitric acid renders after-treatment 
with iodine unnecessary. 


Gilson’s Mixture (Gilson, in lift,, 1895). 

Nitric acid of sp. gr. 1-456, or 80 per 
cent., nearly) ..... 
Glacial acetic acid . . . 

Mercuric chloride 

60 per cent, alcohol .... 
Distilled water . . . 


15 c.c. 

4 „ 

20 grm. 
100 c.c. 
880 „ 


When required for marine animals add a few crystals of iodine, which 
will prevent the formation of precipitates of sea salts. If in any case 
the preparations should show a granular precipitate, this may be 
removed by washing with water containing a little tincture of iodine. 

We find that it affords in general a faithful and delicate fixation, 
and gives to tissues an excellent consistency. Objects may remain 
in it for a considerable time without hurt. It has a high degree of 
penetration. A treatment for a few days with it will serve to remove 
the albumen from the ova of Batrachians. This liquid may he recom- 
mended to beginners, as it is very easy to work with. For some objects, 
the proportion of sublimate may be increased with advantage. 

Kostanecki and Siedlecki (Arch, mik, Anat, cxliii, 1896, p. 181) 
take a mixture of saturated sublimate solution and 3 per cent, nitric 
acid in equal parts, or a mixture of equal parts of sublimate solution, 
3 per cent, nitric acid, and absolute alcohol, fix for twenty-four hours, 
and wash out in iodine-alcohol. 
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Peteunkewitsch (ZooL Jahrh, Abth, Morph. , xiv, 1901, p. 576) 
takes water 300, absolute alcohol 200, glacial acetic acid 90, nitric 
acid 10, and sublimate to saturation. Both this and Gilson’s have 
been much used lately. 

76. Picro-sublimate Mixtures. Rabl’s (Zeit wiss. Mik., xi, 
1894, p. 165). Sublimate, saturated solution in water, 1 voL ; 
a similar solution of picric acid, 1 vol. ; distilled water, 2 yols. 
Embryos may be left in it for twelve hours, washed for two hours 
in water, and brought into weak alcohol. 

O. VOM Rath (Anat. Anz., xi, 1895, p. 268) takes cold saturated 
solution of picric acid, 1 part ; hot saturated solution of mercuric 
chloride, 1 part ; glacial acetic acid, | to 1 per cent. Also the same 
with the addition of 10 per cent, of 2 per cent, osmic acid solution. 

77. Osmio-sublimate Mixtures. Mann’s (Zeit. wiss. Mik., xi, 
1894, p. 491) consists of a freshly prepared mixture of equal parts 
of 1 per cent, osmic acid solution and saturated solution of sub- 
limate in normal saline solution. This solution has been much used 
in recent years for fixation before osmication and is a splendid 
fixative (see §§ 918 et seq.). 

78. Chromo-sublimate. Lo Bianco (Mitth. Zool. Stat. Neapel, 
ix, 3, 1890, p. 443). Concentrated sublimate solution, 100 parts ; 
1 per cent, chromic acid, 50 parts. 

Mann (Verh. Anat. Ges., 12, 1898, p. 39) takes for nerve-cells equal 
parts of 5 per cent, sublimate and 5 per cent, chromic acid. 

79. Sublimate and Bichromate. Zenker’s Mixture (Mun- 
cJiener med. Wochenschr., xxiv., 1894, p. 534 ; quoted from 
Merciee,, Zeit. wiss. Mik.y xi, 4, 1894, p. 471). The original 
formula is 5 per cent, of mercuric chloride and 5 per cent, of glacial 
acetic acid dissolved in solution of Muller. It is now usually 
made up as follows : Mercuric chloride, 5 grms. ; potassium 
bichromate, 2*5 grms.; aq. dest., 100 c.c. ; glacial acetic acid, 
5 c.c. This fluid does not keep well. Fix for several hours or 
overnight, wash out with running water, treat the tissues in bulk, 
or the sections with alcohol containing tincture of iodine. Refer 
to § 70. 

See also Retterer, Jour, Anat. Phys., xxxiii, 1897, p. 463, and 
xxxvii, 1901, p. 480. 

Bichromate and Sublimate (Kultschitzky, Arch.f. mile. Anat, 
xlix, 1897, p. 8). Two grm. bichromate, J grm. corrosive sub- 
limate, 50 c.c. 2 per cent, acetic acid, and 50 c.c. 96 per cent, 
alcohol. The mixture should be filtered after twenty -four hours. 
Tissues of vertebrates may remain in it for four to six days, 
Lavdowsky (Za‘i. wiss. Mik., xvii, 1900, p. 301) took 500 c.c. 
of 1 per cent, acetic acid, 20 to 25 grm. bichromate, and 5 to 10 
c.c. saturated solution of sublimate in water. See Zenker, § 79. 

If the objects are allowed to remain too long in the fluid there may he 
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formed precipitates, which are very difficult to remove, Spui.er 
{EncycL mik. Technik, 1st ed., p. 1280) says that they may be 
avoided by removing the objects as soon as penetrated, and com- 
pleting the hardening in liquid of Muller. We recommend this 
method. 

W, O. Russell suggests using zinc chloride instead of mercuric 
chloride in Zenker’s fluid {Jour, Tech, Methods and Bull Bit, 
Assoc, Med, Museums, 21, 1941). 

Zenker-Formol. Helly (Zeit, wiss. Mik,, xx, 1904, p. 413) 
omits the acetic acid and adds, immediately before use, 5 per 
cent, of formol. This is a splendid fixative for vertebrate material. 
Fix overnight, wash out in running water for several hours. See 
footnote to § 908. 

Maximow {ib,, xxvi, 1909, p. 179) adds 10 per cent, of formol 
and sometimes 10 per cent, of osmic acid of 2 per cent, (fix in the 
dark). 

FoA. (Quart, Joiirn, Mic, ScL, 1895, p. 287) takes equal parts of 
saturated solution of sublimate in normal salt solution, and of liquid of 
Muller, or 5 per cent, solution of bichromate. 

Hoyer (Arch, mikr, Anat,, liv, 1899, p. 97) takes 1 part 5 per cent, 
sublimate and 2 of 3 per cent, bichromate. 

Kohn (ib,, Ixx, 1907, p. 273) takes 5 parts 5 per cent, sublimate, 15 
parts 34 per cent, bichromate, and 1 part acetic acid. 

80. Sublamine (Mecurie sulphate ethylene diamine) is recommended 
in 5 per cent, solution by Klingmuller and Veiel (Zeit, wiss, Mik,, 
xxi, 1904, p. 58). 

81. Platinum Chloride. The substance used and intended by the 
authors who have recommended this reagent is not the true platinic 
chloride, or tetrachloride, PtCl 4 , but the compound HgPtCle, that is, 
platinichloric, or hydro-chloro-platinic acid, by custom called platinum 
chloride. It occurs as brown-red crystals, easily soluble in water and 
very deliquescent. For this reason it had better be stocked in the form 
of a 10 per cent, solution, kept in the dark (weak solutions — 0*5 per 
cent. — may be kept in the light). 

It appears that some authors have stated that they were using 
platinous chloride, PtClg, but that is not possible, as this salt is not 
soluble in water. 

Rabi. (Morph. Jahrb., x, 1884, p. 216) employed an aqueous solution 
of 1 : 300. The objects remained in it for twenty-four hours, and 
were then washed out with water. Well-washed preparations give 
good chromatin stains with the basic ” tar colours ; but we find, as 
do others, that cytoplasm-staining with the “ acid ” colours is rendered 
extremely difficult. It causes a certain shrinkage of chromatin. 

It is now almost always employed in the form of mixtures. For 
these see §§ 53, 54, 57, as well as the mixtures given under “ Picric 
Acid ” and § 117. 

82. Rabl (Zeit, miss, Mik,, xi, 1894, p. 165) takes for embryos of 
vertebrates, and also for other objects, 1 vol. of 1 per cent, platinum 
chloride, 1 of saturated sublimate, and 2 of water. 

Lenhossek (Arch, mikr. Anal,, li, 1898, p. 220) takes 20 parts of 
1 per cent, platinum chloride, 20 of 5 per cent, sublimate, and 1 of 
acetic acid. 
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83. Palladium Chloride (Schulze, Arch, mik, Anat.^ iii, 1867, p. 477). 
Used by Schulze as a hardening agent in a 1 : 800 solution, acidified 
with hydrochioric acid. 

Cattaneo has used it in solutions of 1 : 300, 1 : 600, or 1 : 800 
strength, for from one to two minutes, for Infusoria. 

Frenkel {Anat. Anz.y viii, 1893, p. 538) recommends for connective 
tissue a mixture of 15 parts 1 per cent, palladium chloride, 5 parts 2 per 
cent, osmic acid, and a few drops of acetic acid. 

84. Iridium Chloride (Eisen, Zeit, wiss, Mik., xiv, 1897, p. 195). 
Solution of I or | per cent., acidified with 1 per cent, of glacial acetic 
acid. 

With the ovotestis of the snail, Lee has obtained about the worst 
fixation he has ever seen, but with the testis of Triton much better 
results. 

85. Zinc Chloride is sometimes used for hardening brain (see 
Part II). Gilson (La Cellule, vi, 1890, p. 122) has used it as a fixative 
for the silk glands of Lepidoptera, as follows : 

Glacial acetic acid . . 

Nitric acid (80 per cent, nearly) 

Alcohol of 80 per cent. 

Distilled water , . 

Dry zinc chloride 


100 „ 
300 „ 

20 arm. 


86. Kent’s Iodine {Manual of the Infusoria, 1881, p. 114) uses 
iodine for fixing Infusoria. Prepare a saturated solution of 
potassium iodide in distilled water, saturate this solution with 
iodine, filter, and dilute to a brown-sherry colour. A very small 
portion only of the fluid is to be added to that containing the 
Infusoria. 

Or you may use a Lugol solution : 

Water . . . . . . 100 parts. 

Potassium iodide . . . . 6 ,, 

Iodine . . ... . 4 „ 

Or for small marine animals, a solution of iodine in sea-water. 

Personally we have found it very useful for the examination of 
spermatozoa. See also under E. S. Goodrich’s lodine-Bouin method. 

Very small objects may be instantaneously fixed by means of vapour 
of Iodine. Crystals of iodine may be heated in a test-tube till the 
vapours are given off ; then on inclining the tube the heavy vapours 
may be made to flow over the objects arranged on a slide. The slide 
should then be warmed to about 40° C. for one to three minutes in order 
to evaporate the iodine from the objects, which may then be mounted 
or otherwise treated as desired (Overton, Zeit. wiss. Mik,, vii, 1890, 
p. 14). 

87. Lugol’s Solution. According to Romeis (14. Auflage) this is : 2 grms. 
of KI dissolved in 5 c.c, of distilled water, then 1 grm. iodine ; add 
up to 300 c.c. with aq. dest. Bolles Lee gave it as in previous § 86. 
Hucker and Conn {N.Y. State Agric. Exp. Station Bull. No. 128), 
give KI 2 grm., iodine 1 grm., aq. dest. 300 c.c. ; this is the same as 
the Lugol in Zinsser’s Text-book of Bacteriology (1928), also Stitt. 
Langeron says Lugol (for Gram’s stain) is KI 2 grm., iodine 1 grm. 
aq. dest, 200 c.c. Dr. R. E, Essery has drawn our attention to the 
importance of these differences in Gram staining. He points out that 
there are Lugols varying in iodine from 0*33 to 5 per cent., in potassium 
iodide from 0*66 to 10 per cent, and in one case (Mayer) there is an 
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alcoholic Lagol (0-5 iodine, 5 KI, 5 aq. dest. and 90 per cent, alcohol). 
Dr. Essery believes that the original composition of Gram’s Lugol 
solution is 1 of iodine, 2 potassium iodide and 300 water. 


ORGANIC ACIDS AND OTHER AGENTS 

88. Acetic Acid. A substance most injurious to the finer 
elements of the cytoplasm ; in some cases it is indicated for a 
study of the nuclear elements. All liquids containing a large 
proportion of this acid {e.g, §§ 58, 90) should only be allowed to 
act for a ’uery short time. Flemming, who has made a special 
investigation of its action on nuclei, finds (Zellsuhstanz, etc., 
p. 880) that the best strength is from 0*2 to 1 per cent. Strengths 
of 5 per cent, and more bring out the nuclear structure clearly at 
first, but after a time cause them to swell and become pale, which 
is not the case with the weaker strengths {ibid., p. 103). The 
strong acid is, however, a valuable fixative of certain objects, 
which it kills with the utmost rapidity, and leaves fixed in a state 
of extension. Throughout this work, wherever acetic acid is 
mentioned, it is the glacial acid that is meant unless the contrary 
is stated. 


89. Acetic Alcohol (CAENOY,*La Cellule, iii, 1886, p. 6; and 
ibid., 1887, p. 276 ; v. Beneden et Neyt, Bull. Ac. Sci. Belg., 
xiv, 1887, p. 218 ; Zacharias, Anal. Anz., iii, 1888, pp. 24-27 ; 
v. Gehuchten, ibid., 8, p. 227). Carnoy has given two formulae 
for this important reagent. The first is — 


Glacial acetic acid 
Absolute alcohol . 

The second is — 

Glacial acetic acid 
Absolute alcohol 
Chloroform 


1 part. 
8 parts. 


1 part. 
6 parts. 


The addition of chloroform is said to render the action of the 
mixture more rapid. 

V. Beneden and Neyt take equal volumes of glacial acid and 
absolute alcohol. 


Zacharias takes — 

Glacial acetic acid . , , . 1 part. 

Absolute alcohol . • . . 4 parts. 

Osmic acid . , . . . a few drops. 

Acetic alcohol is one of the most penetrating and quickly acting 
fixatives known. It preserves both nuclei and cytoplasm, and 
admits of staining in any way that may be preferred. It was 
employed by all of the authors quoted for the ova of Ascaris — 
proverbially one of the most difficult objects to fix — ^but we have 
found that it is applicable to nnany other objects. Wash out with 
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00 per cent, alcohol, and avoid aqueous liquids as far as possible 
in the after-treatment. 

90. Acetic Alcohol with Mercuric Chloride. Carnoy and 
Lebrun {La Cellule, xiii, 1, 1887, p. 68, due to Gilson). 

Absolute alcohol , . . .1 voL 

Glacial acetic acid . . . . 1 ,, 

Chloroform . . . . . 1 ,, 

Sublimate to saturation. 

(The mixture does not keep long, forming ethyl acetate, which 
precipitates.) 

Isolated ova of Ascaris, even though furnished with a shell, are 
fixed in twenty-five to thirty seconds. Entire oviducts take about 
ten minutes. The liquid is therefore one of the most penetrating 
and rapidly acting of any. Wash out with alcohol until all traces 
of odour or the acetic acid have disappeared (Lee washed out 
with alcohol containing tincture of iodine). He considered this a 
very fine reagent. 

G. S. Sansom’s Carnoy and Lebrun Modification. 

Absolute alcohol . . . . 65 c.c. 

Glac, acetic acid .... 5 „ 

Chloroform ..... 30 „ 

Corr. subl. to saturation. Leave ten minutes to half an hour ; wash 
in iodine absolute, then absolute. (Personal communication.) 

Eminently suitable for study of vertebrate material. We have seen 
some really brilliant results obtained by the use of this fluid. 

For Ohlmacher’s mixture see § 72, 

91. Murray’s Rapid Dehydration Carnoy Method. J. A, Murray j 

has suggested using Carnoy’s first formula for rapid imbedding. Fix in 

the desired method (Bouin formol), transfer to Carnoy, then absolute 
alcohol. 

92. Trichloracetic Acid (Holmgren, Anat Hefte, xviii, 1901, 

H. 2). This substance is one of the best decalcifying fluids known 

(§ 569). But swelling of collagen fibres takes place if the fixed ; 

material is put in water afterwards. Trichloracetic has been used | 

in a number of recent histological fixatives. Use a 4 or 5 per cent. j 

solution in water. Fix (nerve-cells) for eight to twenty-four hours, i 

wash out with alcohol. See also Heideinhain, Zeit wiss. Mikr,, \ 

xxii, 1905, p. 321, and xxv, 1909, p. 405, who makes a mixture of 
6 per cent, sublimate solution with 2 per cent, of trichloracetic | 

and 1 per cent, of acetic acid, which he calls “ Subtriessig.” 

93. Susa ’’ Fixatives. The so-called "‘Susa mixture” of 
Heidenhain is as follows : mercuric chloride 4-5 grm., common 
salt 0*5 grm., distilled water 80 c.c., trichloracetic acid 2 grm., 
acetic acid 4 c.e., formol 20 c.c. Fix one to twenty-four hours, 
transfer to 90 per cent, alcohol. Ludford informs us that the best 
way for making it is as follows : stock solution : mercuric chloride 
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4'5 gmi., salt 0*5 grm., water 80 c.c. To make up 10 c.c. of 
fixative take 8 c.c. of stock and add to it glacial acetic 0-4 c.c., 
formol 2 c.c., trichloracetic 0*2 grm. 

The amount of mercuric chloride precipitated in the tissues is 
slight, and it is usually unnecessary to employ any methods for 
removing it. 

Romeis “ Susa ’’ Mixture. Saturated mercuric chloride water 
25 C.C., 5 per cent, trichloracetic 20 c.c., formol 5 c.c. Fix small 
pieces one to two hours, larger ones up to twenty-four hours. 
Transfer to 80 to 90 per cent, alcohol. Recommended for amphi- 
bian larvse (Zeit, /. Ges. Exper. Mediz., Bd. 6). 

Note. Trichloracetic acid swells collagen if the blocks are taken 
to water after fixation. Wash out always in 90 to 96 per cent, alcohol. 

94. Trichloracetic Fluid for Batrachia (Champy, Arch, d, ZooL 
Exjjer. et Gen,^ t. lii, 1913). 

Phenol in sat. aq. sol. . . .15 parts. 

Formol, 40 per cent. . . .4 ,, 

Trichloracetic acid, 20 per cent. . . 1*5 „ 

Outside of tissue often bad, inner parts better. 

95. Copper Chloride and Acetate. Ripart et Petifs Liquid, Cahnoy, 
La Biologic Cellulaire, p. 94). 

Camphor water (not saturated) , . 75 c.c. 

Distilled water . . . .75 „ 

Glacial acetic acid . . . , 1 ,, 

Copper acetate .... 0-30 grm. 

Copper chloride . . . . 0-30 ,, 

This is a very moderate and delicate fixative, extremely useful for 
objects that are to be studied in as fresh a state as possible in aqueous 
media. Objects fixed in it stain instantaneously and perfectly with 
methyl green, Osmic acid may be added to the liquid to increase 
the fixing action. For cytological researches a valuable medium, 

96. Copper Nitrate (Gilson, from Gelberd, La Cellule, xxv, 1909, 
p, 12). Nitrate of copper 200 c.c, tat, soL, formol 500 c.c. sea-water 
200 c.c. . Seven parts of this solution to be diluted with 100 of sea- 
water. For Crustacea. 

97. Uranium Acetate (Schenk, Mitth. EmbryoL Inst. Wien, 1882, 
p. 95 ; cf. Gilson, La Cellule, i, 1885, p. 141) has a mild fixing action, 
and a high degree of penetration, and may be combined with methyl 
green. 

Friedenthal Ges. Nat. Freunde Berlin, 1907, p. 209) recom- 

mends equal parts of saturated solution of the acetate and trichlor- 
acetic acid of 50 per cent. 

98. Picric Acid. Picric acid in aqueous solution should be 
employed in the form of a solution whenever it is desired to 
make sections or other preparations of tissues with the elements 
in situ, as w^eak solutions macerate ; but for dissociation pre- 
parations or the fixation of isolated cells, weak solutions may be 
taken. Flemming found that the fixation of nuclear figures is 
equally good with strong or weak solutions. The saturated 
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solution is the one most employed. (One part of picric acid 
dissolves in about 86 parts of water at 15° C. ; in hot water it is 
very much more soluble.) Objects should remain in it for from a 
few seconds to twenty-four hours, according to their size. For 
Infusoria one to at most two minutes will suffice, whilst objects of 
a thickness of several millimetres require several hours. 

Picric acid should always he washed out with alcohol, that of 
70 per cent, being mostly indicated. Staining is better performed 
by means of alcoholic solutions, or if with aqueous, then with 
such as are themselves weak hardening agents, such as hsemalum, 
earmalum, methyl green. 

Washing out is facilitated by heat, the extraction being about 
twice as rapid at 40° C. as at the normal temperature (Fol). 

It has been found by Jelinek {Zeit. wiss. Mik., xi, 1894, p. 242) 
that the extraction is greatly quickened by the addition of a base 
to the wash-alcohol. He recommends lithium carbonate. A 
few drops of a saturated solution of the salt in water are added to 
the alcohol ; a precipitate is formed. The objects are put into 
the turbid alcohol, which becomes clear and yellow in proportion 
as the picric acid is extracted. Further quantities of carbonate 
are added from time to time until the colour has been entirely 
extracted. 

Tissues fixed in picric acid can be perfectly stained in most 
stains. It is seldom necessary to remove the picric acid by 
washing out before staining. Paracarmine, Boraxcarmine, or 
Hasmacalcium may be recommended for entire objects. 

The most important property of picric acid is its penetration. 
This renders it peculiarly suitable for the preparation of chitinous 
sti’uctures. 

99. Picric Alcohol (Gage, Proc. Amer. Soc. Micr., 1890, p. 120). 
Alcohol (95 per cent.), 250 parts *, water, 250 parts ; picric acid, 1 part. 

Zimmer’s mixture (from Deegener, Zool. Jahrb,, Ahth, Morph., 
xxvii, 1909, p. 634). Saturated aqueous solution of picric acid, 10 
parts ; absolute alcohol, 9 ; acetic acid, 1. 

100. Picro-sulphuric Acid (Kleinenberg, Quart Journ. Mic. 
Sci., April, 1879, p. 208 ; Mayer, Mitth. Zool. Stat Neapel, ii, 
1880, p. 2). Mayer takes distilled water, 100 vols. ; sulphuric 
acid, 2 vols. ; picric acid, as much as will dissolve. 

Liquid of Kleinenberg is made by diluting the concentrated picro- 
sulphuric acid prepared as above with three times its volume of water. 

Lee holds that the concentrated solution is generally preferable. 
This particularly applies to marine organisms. 

Wash out with successive alcohols, beginning with 70 per cent., never 
with water. 

Warm alcohol extracts the acid much more quickly than cold, without 
which weeks may be required to fully remove the acid from chitinous 
structures. 

This liquid may still be useful for Arthropoda, on account of its great 
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power of penetrating chitin ; and for some enibryological purposes. 
For a fuller account see early editions, 

101. Pkro-nitric Add (Mayer, Mitth, Zool Stat. Neapel, 1881, 

p. 

Water 100 vols. 

Nitric acid (of 25 per cent, N^Os) . . 5 „ 

Picric acid, to saturation. 

Properties of this fluid similar to those of picro-sulphuric acid, 
with the advantages of avoiding the formation of gypsum crystals, 
and the disadvantage that it is much more difficult to soak out 
of the tissues. Mayer states that with eggs containing a large 
amount of yolk material, like those of Palinurus, it gives better 
results than nitric, picric, or picro-sulphuric acid. Lee considers 
it distinctly superior to picro-sulphuric for most things. See J. P. 
Hill’s fluid, § 1050, which gives superior results. 

102. Picro-hydrochloric Acid (Mayer, ibid,). 

Water . . . . . . 100 vols. 

Hydrochloric acid (of 25 per cent. HCl) 8 „ 

Picric acid, as much as wiU dissolve. 

103. Picro-chromic Acid (Fol, Lehrh,, p. 100). 

Picric acid, sol. sat. in water . . 10 vols. 

1 per cent, chromic acid solution . 25 „ 

Water . . . . . . 65 „ 

We have seen Fol’s formula, with the addition of a trace of acetic acid, 
quoted as “ liquid of Haensel.” 

Lo Bianco takes equal parts of picro-sulphuric acid and chromic acid 
of 1 per cent. 

Rawitz {Leitfaden, 1895, p. 24) takes 1 part of picro -nitric acid, 
and 4 parts 1 per cent, chromic acid. Wash out in 70 per cent, 
alcohol. 

104. Picro-osmic Acid. Flemming {Zells. Kern u. Zellth., p. 381) 
has experimented with mixtures made by substituting picric for chromic 
acid in the chromo-osmic mixtures (§ 50), and finds the results identical, 
so far as regards the fixation of nuclei. The fixation of cytoplasm is in 
Lee’s preparations decidedly inferior. 

O. VOM Rath (Anat. Anz., xi, 1895, p. 289) adds to 200 c.c. of saturated 
aqueous solution of picric acid, 12 c.c. of 2 per cent, solution of osmic 
acid, and 2 c.c. of glacial acetic acid, 

Rawitz (Leff/aden, p. 24) takes picro-nitric acid, 6 vols. ; 2 per cent, 
osmic acid, 1 vol. Fix for half to three hours. Transfer direct to 70 per 
cent, alcohol. 

105. Picro-platinic and Picro-platin-osmic Mixtures. O. vom Rath 
(loc. cit,, last §), makes a picro-platinic mixture with 200 c.c. saturated 
aqueous solution of picric acid, 1 grm. of platinic chloride (dissolved 
in 10 c.c. of water), and 2 c.c. of glacial acetic acid. 

The picro-platin-osmic mixture, which is, in Lee’s opinion, much 
superior, is made by adding to the foregoing 25 c.c. of 2 per cent, osmic 
acid. 

Picric Mixtures, See §§ 116 and 117. 
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OTHER FIXING AND HARDENING AGENTS 

106. Ethyl Alcohol. Fot fimng (it is a third-class reagent for 
this) only two grades of alcohol should be employed — very weak, 
or absolute. Absolute alcohol ranks as a fixing agent because it 
kills and hardens with such rapidity that structures have hardly 
time to get deformed in the process ; very weak, because it 
possesses a sufficiently energetic coagulating action and yet 
contains enough water to have but a feeble dehydrating action. 
The intermediate grades do not realise these conditions, and 
therefore should not be employed alone for fixing. But they may 
be very useful in combination with other fixing agents by enhanc- 
ing their penetrating power ; 70 per cent, is a good grade for this 
purpose. In the British Isles alcohol is obtainable as absolute 
alcohol, industrial spirit {circa. 96 per cent.), and methylated 
spirit. The latter is said to be 95 per cent, ethyl alcohol, with the 
addition of 5 per cent, crude wood spirit (wood naphtha, crude 
methyl alcohol) and a bluish or reddish colouring matter. Persons 
having a private laboratory may obtain a permit for obtaining 
industrial alcohol under favourable conditions. 

The strengths of alcohol and water can be measured by an 
alcoholometer. 

Table for diluting alcohol (after Gay-Lussac). To use this table, find 
in the upper horizontal row of figures the percentage of the alcohol that 


Original Grade. 


grade 

re4uired. 

90 

P- c- 

85 

P. c. 

80 
p. c. 

75 

p. c. 

70 

P. c. 

65 

p. c. 

60 
p. c. 

55 

p. c. 

50 

1 P. c. 

p. e, 

85 

6-56 









80 

13-79 

6-83 

1 







75 

21-89 

14-48 

7-20 







70 

31-05 

23-14 

15-35 

7-64 






65 

41-53 

33-03 

24-66 

16-37 

8-15 





60 

53-65 

44*48 

35-44 

26-47 

17-58 

8-76 




55 

67-87 

57-90 

1 

48*07 ' 

38-32 

i 

28-63 

19-02 

9*47 



50 

84-71 I 

73-90 

6304 

52-43 

41-73 

31-25 

20-47 

10-35 


45 

105-34 

93*30 

81-38 

69-54 

57-78 

46-09 

34-46 

22-90 

11-41 

40 

130-80 

117-34 

10401 

90-76 

77-58 

64-48 

51-43 

38-46 

25-55 


163-28 

148-01 

132-88 

117-82 

102-84 

87*93 

73-08 

58-31 

43-59 

30 

206*22 

188-57 

171.05 

153-61 

136-04 

118-94 

" ■ i 

101-71 

84-54 

: 

67-45 
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ft is desired to dilute, and in the vertical row to the left the percentage 
of the alcohol it is desired to arrive at. Then follow out the vertical 
and horizontal rows headed respectively by these figures, and the figure 
printed at the point of intersection of the two rows will show how many 
volumes of water must be taken to reduce one hundred volumes of the 
original alcohol to the required grade. 


Table for Diluting Rectified Spirit (circa 96 per cent.) 


Weaker grade 
required per cent. 

Volume of Rectified 
Spirit. 

Volume of Water. 

i 

90 

93*5 

6-5 

80 

83-3 

16*7 

70 

72'9 

27*1 

60 

62'5 

37-5 

50 

521 

47*9 

30 

31*2 

68-8 


Alcohol is an easily oxidisahle substance. Chromic acid, for 
instance, easily oxidises it, first into aldehyde, and then into 
acetic acid. It follows that alcohol should not be combined in 
mixtures with oxidising agents of notable energy. Further, 
alcohol is a reducing agent, and therefore should not be combined 
with easily reducible substances. These remarks particularly 
apply to chromic acid. See §§ 46 et seq. 

Alcohol enters as a useful ingredient into many mixtures, in 
which it serves to enhance the power of penetration. For hardening 
it is an important one. 90 to 95 per cent, is the most generally 
useful strength. Weaker alcohol, down to 70 per cent., is often 
indicated. Absolute alcohol is seldom advisable. You ought to 
begin with weak, and proceed gradually to stronger, alcohol. 
Large quantities of alcohol should be taken. The alcohol should 
be frequently changed, or the tissue should be suspended near 
the top of it. Many weeks may be necessary for hardening large 
specimens. Small pieces of permeable tissue, such as mucous 
membrane, may be sufficiently hardened in twenty -four hours. 

107. Absolute Alcohol. This is sometimes valuable on account 
of its great penetrating power. Mayer found that boiling absolute 
alcohol was often the only means of killing certain Arthropoda 
rapidly enough to avoid maceration. 

It is important to employ for fixing a very large proportion of 
alcohol. Alum-carmine is a good stain for small specimens so 
fixed. For preservation, the object should be put into a weaker 
alcohol, 90 per cent, or less. ' 

As to the supposed superiority of absolute alcohol over ordinary 
strong alcohol, see last § ; and amongst authors upholding its superiority 
see besides Ranvieb, ISIayek {Mitth. Zool. Stat. Neapel, ii, 1880, p. 7) ; 
Beuel {Zool. Jahrh., Abth, Morph., x, 1897, p. 569) ; and van Rees 
{ibid., iii, 1888, p. 10). 
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Absolute alcohol is a product that it is almost impossible to preserve 
in use, on account of the rapidity with which it hydrates on exposure to 
air. Fol recommends that a little quicklime be kept in it. This absorbs 
part at least of the moisture drawn by it from the air. 

Ranvier prepares a sufficiently “ absolute ” alcohol as follows : — 
Strong (95 per cent.) alcohol is treated with calcined cupric sulphate, 
with which it is shaken up and allowed to remain for a day or two. It 
is then decanted and treated with fresh cupric sulphate, and the 
operation is repeated until the fresh cupric sulphate no longer becomes 
conspicuously blue on contact with the alcohol ; or until, on a drop of 
the alcohol being mixed with a drop of turpentine, no particles of water 
can be seen in it under the microscope. The cupric sulphate is prepared 
by calcining copper sulphate in a porcelain capsule over a flame until 
it becomes white, and then reducing it to powder (see Proc. Acad. 
Nat. Sci. Philad., 1884, p. 27 ; Journ, Roy. Mic. Soc., 1884, pp. 322 and 
984). 

Test for the presence of water (Yvon, L. R. Acad. Set, 1897, p. 1181). 
Add coarsely powdered calcium carbide ; the merest trace of water will 
cause an evolution of acetylene gas, and on agitation the alcohol will 
become turbid. 

108. One-third Alcohol. The gm.de of weak alcohol that is 
generally held to be most useful for fixing is one-third alcohol, or 
Ranvier’s Alcohol. It consists of two parts of water and one part 
of alcohol of 90 per cent: (and not of absolute alcohol). See the 
Traite Technique of Ranvier, p. 241. 

Objects may be left for twenty-four hours in this alcohol ; not 
more, unless there be no reason for avoiding maceration, which 
will generally occur after that time. You may conveniently stain 
with picro-carmine, alum-carmine, or methyl green. 

This reagent is a very mild fixative. Its hardening action is so 
slight that it is not at all indicated for the fixing of objects that 
are intended to be sectioned. Its chief use is for temporary and 
dissociation preparations. 

109. Pyridine. Pyridine has been recomrnended as a hardening agent 
(by A. BE Sou2;a). It hardens, dehydrates, and clears at the same time. 
It is said to harden quicMy, and to give particularly good results with 
brain. See Comptes Rendus de Biologie, 8 sdr., t, iv, 1887, p. 622. 

This substance is strongly alkaline, and, either pure or diluted with 
water, dissolves many albumens and fats. It causes considerable 
shrinkage of nuclei (not so much of cytoplasm). It is now in much use 
in certain neuro-fibril stains, see Bielschowsky and Ramon. It is 
soluble in water and in alcohol. Pure, it will harden and dehydrate 
small brains in a week. 

110. Acetone is said to harden very rapidly. It precipitates lipins, 
and may yet prove an important reagent. Scholl (Zeit. wiss. Mikr., 
xxii, 1905, p. 415) fixes small objects in warm acetone for half an hour 
to an hour and brings them direct, or through alcohol and ether, into 
celloidin. 

Similarly Fuss (Arch. path. Anat., clxxxv, 1906, p. 5), using it cold 
and Lintwarew^ (iUd., cevi, 1911, p. 36) for erythrocytes, in which it 
preserves the haemoglobin. 

111. Lucidol, see last edition. 
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112. Formaldehyde, Formic Aldehyde, Methyl Aldehyde 
(Formol,* Formalin). Formaldehyde is the chemical name of 
the gaseous compound H-CHO, obtained by the oxidation of 
methyl-alcohol. “Formol” and “Formalin,” are commercial 
names for the saturated (40 per cent.) solution of this in distilled 
water. This quicHy loses in strength through cohtact with air 
and laboratory solutions rarely contain more than 38 per cent, of 
formaldehyde. 

Much confusion has been caused by indiscriminate use of the 
terms formaldehyde ” and “ formol.” The proper way is 
evidently either to state the strengths of solutions in terms of 
tormaldehyde, and say so ; or to say “ formol— or formalin— with 
so many volumes of water.” The majority of writers seem to 
state in terms of formol. 

Solutions of formaldehyde sometimes decompose partially or 
entirely, with formation of a white deposit of paraformaldehyde. 
Fish says that to avoid this the solution should be kept in darkened 
bottles in the cool, or, according to some, it suffices to add 
glycerine to them. 

Lanpron clams that cold has a special part in producing the milkv 
deposit in stored formalin, for durin! expeditions on thSh pkS 

ma?s wmpletely changed to a whit! gelatinous 

mass. R. (Journ, Tech. Meth., xxv, 60-70) reconditions such 

and sealing. The jars are autoclaved for thirty mimitpcj af i a iKc 
pressure. The now clear solution can be stored or diluted for use’ 
Cares recommends marble chips for neutralising. 

The solutions almost always have an acid reaction, due to the 
presence of formic or other acid. 

inv^tigated the various methods for the neu- 
tralisation of fomahn solutions, and advocates the use of borax for 
this puiyose He adds borax till a good red colourfs shoC whl 

^ thymol blue, when added to the 

diluted formalin. Atkins states further that formalin neutralised with 
sodium hydroxide becomes acid on standing (M. B. A. J iSl) 

(S5XL 

^^ permanganate, and even formalin itself are used for maceration 
solution act during maceration, but suspect in most cases the 

szsit- s s~i 

wS'/ Srt'rss.S"' 
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Langeron in his “Precis,” recommends sodium hydroxide (4 per 
cent.) or sodium carbonate (1 per cent.) using neutral red 1 per cent, 
as indicator. He suggests that P. Masson’s method of leaving some 
calcium carbonate at the bottom of the bottle should be used. Cowdry 
(Microscopic Tech., Williams and Wilkins) mentions magnesium and 
lithium carbonate as well as the other substances noted above. He 
advocates distilling, but says it is best to depend on getting a pure 
product from the makers, as the addition of various salts can compli- 
cate subsequent techniques. We have almost always found a new 
and small supply of good formalin quite satisfactory. Pantin (op. 
cit.) simply adds powdered CaCOg and a trace of phenol red as indicator. 
Shake and allow to settle. If Ca must be avoided use NaHCOg. Some 
years ago in the Dublin laboratory we tried various specimens of 
neutral and acid formalin Golgi apparatus fixing mixtures without 
noting much improvement either way. 

J. Baker uses the following mixtures for cytology : Formalin (40 
per cent. HCHO) 10 c.c., 10 per cent. CaClg (anhydrous) 10 c.c., aq. 
dest. 80 c.c. Powdered CaCOs slight excess. For marine work use 
10 per cent. CaClg (anhydrous) 40 c.c., with only 50 c.c. water. 

Baker claims that the CaClg improves lipoid fixation and lessens 
osmotic distortion. We have not been able to distinguish between pre- 
parations made with and without CaClg. As a store fluid for material 
and gelatine blocks of material, he uses the following modified Aoyama, 
as above, but 10 per cent. CaClg, 10 c.c., and only 70 c.c. water, pow- 
dered CaCOj as before. 

It was said above that formaldehyde possesses certain hardening 
and preserving qualities. It hardens gelatine, for instance, and certain 
albuminoids ; but others, on the contrary, are not hardened by it, but 
sometimes even rendered more soluble than they are naturally. For 
some theoretical considerations concerning its action on tissues, see 
F. Blum, in Anat. Anz., xi, 1896, p. 718 ; Benedecenti, in Arch. Anat. 
u. Phys. Abth., 1897, p. 219 ; Geeota, in Intern. Monatsschr. Anat, xiii, 
1896, p. 108 ; Zeit. wiss, Mik., xiii, p. 311 ; Sjobking in Anat Anz., 
xvii, 1900, p. 274 ; and Blum, in Encycl. mik. Technik., p. 393. It 
seems to be generally admitted that this action consists in the forma- 
tion of methylene compounds with the substances of the tissues. See 
§ 33. 

The stock should he diluted with isotonic saline, and not in distilled 
water, according to Carleton (Q. J, M. S., 1922). 

We find that, used pure, it is far from a first-class fixative. For 
it over-fixes and shrinks some things, and swells and vacuolates 
others. But notwithstanding this it is frequently very convenient 
on account of its compatibility with the most varied stains and as a 
preserving fluid. It has a high degree of penetration, and is a 
valuable ingredient in many mixtures. 

It is a powerful reducing agent, and therefore incompatible with 
such reagents as chromic acid or osmic acid and the like, which it very 
rapidly decomposes. 

For Lee finds that a strength of about 4 per cent. (1 vol. 
formol to 9 of isotonic saline, or to 8 of water if the formol has 
been long kept) is generally about right ; and this is the strength 
used by most writers. The routine strength 10 per cent, formol, is 
usually made by adding 10 c.c. of commercial formol to 90 c.c. 
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of water or saline solution. This is about 4 per cent, formaldehyde 
or 10 per cent, formol. For cytological purposes a fixation 
of at least two days seems indicated : this applies especially to 
gonads which are notoriously difficult to preserve in formol. 
The strengths used in Cajal’s and Da Fang’s formol silver 
nitrate Golgi apparatus methods, generally give fine results for 
tissues other than genital. For these, injection fixation may be 
indicated. See also § 930. IMayer takes 1 of formol to 8 of sea- 
water, for marine animals. Few workers use much stronger 
solutions. Only one (Hoyer, Anaf, Anz., ix, 1894, p. 236, Ergan- 
zungsheft) seems to have used concentrated solutions. We think 
this exaggerated, for we have found over-fixation with solutions 
of 1 to 2 vols. of water. Wash out with alcohol (of 50 per cent, 
or more), not water. 

For hardening, the same strengths may be taken. Hardening 
is more rapid than with alcohol. For prolonged hardening, con- 
siderable volumes of liquid should be taken, and the liquid should 
be renewed from time to time ; for the formaldehyde fixes itself 
on the tissues with which it comes in contact, deserting the 
solution, wffiich thus becomes progressively weaker. The specimens 
should be suspended in the liquid or otherwise isolated from 
contact with the containing vessel. The hardening obtained is 
gentle and tough, giving an elastic and not a brittle consistency. 
It varies greatly with different tissues. Mucin is not precipitated 
and remains transparent. Fat is not dissolved. Micro-organisms 
retain their specific staining reactions. Formaldehyde is said 
to harden celloidin as well as gelatin, and to be useful for 
celloidin-imbedding (Blum, Anat, Anz,, xi, 1896, p. 724). 

According to P. Masson, formalin material should not be em- 
bedded in paraffin wax, but rather be cut in celloidin, or by 
freezing. 

Brown Precipitate. Material fixed in formalin should be imbedded 
soon, as a brownish-black resinous precipitate may form. Murdock: 
{Joum, Tech, Meth,, xxv, 1945) holds that the precipitate is derived 
from laked blood. He brings the tissue from water to ammoniacal 
hydrogen peroxide solution (25 c.c. 3 per cent, HgO^, 25 c.c. acetone, 
1 drop concentrated ammonia) and lets stand one to two hours. Wash 
in water. Other workers, when faced with this precipitate, simply 
soak slides in 95 per cent, alcohol saturated with picric acid for one to 
two hours. The picric acid may be removed with lithium carbonate. 

Several of the following mixtures are irrational, becoming 
reduced more or less quickly, but may give good results all the 
same. 

* The only way is to put a number of pieces of an organ in the solution, and 
begin taking them out at periods up to a week. One of the pieces will be just 
right for iron alum haematoxylin for showing mitochondria and bile capillaries, 
etc. (liver). 
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113. J. Hanson^ s Table for Diluting Cormiiercial (40 per cent) 
Formaldehyde Solution 


Grade of 
formaldehyde 
recLiiired in per cent. 

Volumes of 40 per cent, 
formaldehyde. 

Volumes of water.’*' 

3 

7 5 

92*5 

4 

10 

90 

5 

12-5 

87*5 

6 

15 

85 

7 

17*5 

82*5 

8 

20 

80 

9 

22*5 ! 

77*5 

10 

25 

75 

15 

37*5 

62*5 

20 

50 

50 


* Add ‘75 per cent. (Invertebrata) or ’SSper cent.NaCl(Vertebrata)totbe 
made-up solution. 

114. Rejuvenation of Old Formalin Material. We have noted 
such objects as medusae, etc., which have been fixed in formalin 
often stain badly in carmine. They can be “rejuvenated’’ by 
placing them for a few hours in 70 per cent, alcohol or water, 
about 20 C.C., to which hydrogen peroxide, up to 10 drops of 
10 vol. solution has been added. This treatment is advised for 
various methods of post-osmication, refer to § 918 eiseq,^ and the 
time in HgOg,' and the strength must be judged by experiment. 
After the aqueous H 2 O 2 , the objects can be left overnight in 
70 per cent, alcohol if this is found necessary before staining in 
carmine. See also § 228. 

115. Alcoholic Formol (Lavdowsky, AnaL Hefte, iv, 1894, p. 361). 
Water 40 parts, 95 per cent, alcohol 20, formol 6, acetic acid 1 ; or water 
30, alcohol 15, formol 5, acetic acid 1. 

Gulland {Zeit. wiss. Mikr., xvii, 1900, p. 222) takes (for blood) 
1 part formol and 9 parts of alcohol. 

Bles (Trans, Roy, Soc. Edinburgh, xli, 1905, p. 792) takes 7 of formol, 
90 of alcohol of 70 per cent., and 3 of acetic acid. 

Tellyesniczky (EncyL mikr, TecJin,, i, p. 472) takes 5 of formol, 
100 of alcohol of 70 per cent., and 5 of acetic acid. 

Kahle’s Fluid. (Die Paedogenesis der Cecidomyiden, 1908, Stutt- 
gart) : 

95 per cent, alcohol . . . . 15 parts. 

Formol (commercial) . . . . 6 „ 

Glacial acetic acid ... . 1 part. 

Distilled water . .... 30 parts. 

This modification of Lavdowsky’s fluid is much used these 
days. 
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116. Picro-FormoL P. Bouin (Phenommes cytologiques anor- 
mauw dam L'Histogenese, etc., Nancy, 1897, p. 19) recommends — 

Picric acid, saturated aqueous sol. . 75 parts. 

Formol (commercial) . . . .25 ,, 

Acetic acid . . . . . 5 ,, 

\¥ash out with alcohol, first of 50 per cent., then 70 per cent, till 
the picric acid is mostly removed. We consider this to be for 
most purposes one of the most valuable fixatives yet made known. 
It is rather a strong fixative, and should not be allowed to act for 
more than eighteen hours. The penetration is great, the fixation 
equable, delicate detail well preserved, staining qualities admir- 
able, especially with iron-haematoxylin (short method) and acid 
fuchsin. 


Bouin^s Fluid ayid its Modifications 


Picric acid, sat. aq. sol. in c.c. . 

75 

75 

75 

75 

75 

75 

Formol, in c.c. 

25 

25 

25 

15 

15 

15 

Glacial acetic acid, in c.c. . 

5 

5 

10 

10 

10 

10 

Urea, in grams 


2 

2 

1 

1 

i 

Chromic acid, in grams 


1-5 

1-5 


1 


Bouin’s original formula. 







Allen’s modification B-15. 







Painter’s modilication of Bouin-Allen. 






Allen’s P.F.A. 3 . . . 







Commonly known as B-3. 








Carother’s fluid lor ortliopteran chromosomes. 


Alcoholic Bouin. The correct Duboscq-Brasil is given in 
§ 754, p, 325. It is said to be very penetrating and is used on 
arthropods and protozoan cysts. Another formula is 60 c.c. of a 
1 per cent, solution of picric acid in 95 per cent, alcohol, chloro- 
form 10 c.c., glacial acetic acid 5 c.c. For both formulae transfer 
after fixation to 70 per cent, alcohol not water. 

Overj&xation in Bouin. The vertebrate embryologists especially, 
nowadays stress the fact that Bouin can overfix or “ burn.’’ 
Delicate material should remain only till peneia-ated. 

See also “ Cytology ” sections. 

Moeeaux (BiR AnaU, 1910, p. 265) takes 15 parts formol, 85 of 
trichloracetic acid of 3 per cent., and picric acid to saturation. 

117. Picro-platmic Formol (M. and P. Bourn, BiR Anat, 1898, 
f.2,p.2). 

Platinum chloride, 1 per cent. sol. . 20 parts.^^^^ ^ ^ ^ ^ ^ ^ 

Picric acid, saturated sol. . . . 20 

Formol .... . . 10 „ 

Formic or acetic acid . . . 5 „ 

The mixture does not keep more than a day or two, and it is probably 
inferior. 
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Bouin also (Arch, Biol,, xvii, 1900, p. 211) simply substitutes form ol 
for the osmic acid in Hermann’s mixture, § 54, 

118. Sublimate Formol (M, and P. Bouin, loc, cit), A similar 
mixture, in which sublimate of 1 per cent, is substituted for the platinum 
chloride. 

Another formula of the same authors (Arch, Biol, xvii, 1900, p. 211) 
is 1 part of formol to 3 of saturated aqueous sublimate. Rinse with 
water and bring into alcohol of 70 per cent. 

Spuler (EncycL mik. Technik., 1st ed., p. 1280) adds to sublimate of 
3 per cent, or more 1 per cent, of glacial acetic acid and 10 per cent, of 
formol. 

]Mann {Verh, Anal, Ges,, 1898, p. 39) takes for nerve-cells 2J grm. 
sublimate, 1 grm. picric acid, 5 c.c. formol, and 100 c.c. water, or 
{Methods, etc., p. 97) for all tissues, 2J grm. sublimate, 20 c.c. formol, 
and 80 c.c. water. 

Branca (Journ. Anat, et Phys., xxxv, 1899, p. 767) adds 10 parts of 
formol and 1 of acetic acid to 60 parts of saturated solution of picric 
acid with saturated sublimate. 

Nowak {Anat, Anz., xx, 1901, p. 244) takes 30 parts of saturated 
sublimate, 30 of 1 per cent, chromic acid, 27 of water, 3 of acetic acid 
and 10 of formalin. 

119. Formol-Miiller. This is the name given by Orth {Berl, 
klin, Wochenschr., 1896, No. 13) to a mixture of 1 part of formol 
with 10 of Muller’s liquid (§ 62). It should be freshly made up. 
Fix for three hours in the incubator at 37° C., or twelve at normal 
temperature, wash out with running water. Much used, especially 
for nervous tissues. 

Moeller {Zeit wiss. ZooL, Ixvi, 1899, p. 85) took 1 vol. of 
formol, and 4 vols. of 3 per cent, bichromate (for the intestine of 
mammals). 

Bertram Smith (J. Morph,, xi.) used bichromate 0-5 grm., 
commercial formalin 10 c.c., glacial acetic acid 2-5 c.c., aq. dest. 
87*5 c.c. Used for twenty-four to forty-eight hours. Wash in 
running water six to twelve hours, upgrade from 15 per cent, 
alcohol. Recommended for sauropsidan eggs. Bertram Smith 
has another version which was recently found indispensable for 
monotreme eggs by Flynn (Flynn and Hill, Ptoc, ZooL Soc,, 
Lond,, 1939) after thirty-seven years 1 Smith ( J. Morph., xxiii, 
1912), used bichromate 1 grm,, glacial acetic c.c. pure formalin 
5 C.C., water 92 c.c. Fix forty-eight hours in plenty of fluid, 
changing once or twice. Rinse in water, wash in 5 per cent, formalin 
in the dark for at least two weeks, changing formalin as it becomes 
discoloured. Preserve in 5 per cent, formalin, or alcohol," the latter 
not so good. During washing in formalin the material becomes 
green. For embryos at or after the closure of neural folds the 
proportion of bichromate may be increased to 1|- grms. 

Held (Abk, Sachs. Ges. Wiss,, xxxi, 1909, p. 196) took 3 per 
cent. sol. of bichromate with 4 per cent, of formol and ,5 per cent, 
of acetic acid (for inner ear). See also Morel and Bassal, Journ. 
Anat, Phys,, xlv, 1909, p. 632, and Helly and Maximow formulae. 
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Look up section on Mitochondria,” especially paragraphs on 
Rbgaud and Schridde, §§ 908-915. 

120. Chromic Acid FormoL Lo Btanco fixes marine animals for half 
to one hour in 10 parts of 1 per cent, chromic acid with 1 of formol and 
9 of sea -water, and passes into graded alcohols. 

Marghoux (from Pere 2 J Arch, ZooL Exper,, v, 1910, p. 11) takes 
11 parts 1 per cent, chromic acid, 1 of acetic acid, 4 of water, and 16 of 
formol (added just before using). 

These mixtures are neither so good nor so reliable as Bonin’s picro- 
formol. 

121. Copper Formol. Nebis (BulL Acad, Sc, Belg., 1899 (1900), 
p. 726) fixes spinal ganglia for twenty-four hours in 1 litre of 7 per cent, 
formol with 5 c.c. of acetic acid, 20 grm. of cupric sulphate, and sub- 
limate to saturation. 

Stappers (La Cellule , xxv, 1909, p. 356) used (for Sympoda) a mixture 
of Gilson’s : 100 parts of formol of 5 per cent, with 2 gms. of nitrate 
of copper. 

Strong (Journ, Comp, Neur,, xiii, 1903, p. 296) fixes the head of 
Acanthias by injecting a mixture of equal parts of formol and 5 per 
cent, solution of bichromate of copper. 

122. Nitric Acid Formol. Wilhelmi (Fauna u. Flora Golf, Neapel, 

xxxii, 1909, p. 15) fixes Triclads in Apathy’s mixture of equal parts of 
6 per cent, nitric acid and 6 per cent, formol, and brings them direct 
into strong alcohol. ^ 

123. Acetone Formol. Bing and Ellerman (Arch. Anal. Phys,, 
Phys, Ahth., 1901, p. 260) fix medullated nerves in 9 parts of acetone 
with 1 of formol. 

124. Formic Acid. This substance has been used in the past in a 
number of fixing fluids, e.g. in Lindsay Johnson’s mixture (§ 53) and 
has been more recently investigated by Mary J. Guthrie, who informs 
us (in Uteris) that promising results have been obtained with this acid 
as a substitute for acetic acid. 

Dr. Guthrie’s tests were made because of the information that has 
been obtained by the cell physiologists that formic acid penetrates 
more rapidly and is more toxic than acetic acid. In addition, fatty 
substances are less soluble in formic acid than in acetic. 

The most striking results were obtained with fixation of Planaria 
by a Zenker’s fluid to which 5 parts of formic acid, instead of acetic, 
was added just before using. The worms were allowed to become 
extended and straightened on a glass slide in a very small amount of 
w^ater ; tbe fluid was pipetted on, and a No. 1 cover-slip dropped on. 
After five minutes the cover-slip was removed and the specimens were 
transferred to a vial containing the fluid. This method of killing 
causes no writhing with tearing of the muscles, and produces no blister- 
ing of the epidermis. The general histological details are excellent, 
especially the ‘‘ formative cells ” of the parenchyma. This fixation 
can be followed by staining with haemalum and orange G. 

Worms treated with Muller’s fluid for four days after twenty-four 
hours’ fixation in the Zenker-formic acid mixture give good results 
with staining in acid fuchsin by the Kull method. Mitochondria are 
preserved and stain. The addition of 4 parts of 2 per cent, osmic 
acid to 12 parts of Zenker’s stock plus 1 part of formic acid gives 
preservation of neutral fat, together with the excellent general fixation, 
and reduces the precipitation of mercuric chloride crystals in the fluid. 

The use of formic acid gives better results with the cold fluid than 
are to be obtained with a hot acetic mixture. In comparison with a 
Zenker-formaiin fluid, such as Heliy’s, the results are superior. 
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Dr. Guthrie has also used a strong Flemming’s fluid with formic 
acid (15 parts 1 per cent, chromic acid and 4 parts 2 per cent, osmic 
acid with 1 part formic acid). Fixation for three days was followed 
by twenty-four hours in pyroligneous acid and 1 per cent, chromic 
acid (1 : 2), and twenty-four hours in 3 per cent, potassium bichromate. 
This gives good histological features and preserves both neutral fat and 
mitochondria. It can be followed, with splendid results, by staining 
in crystal violet according to Benda’s alizarin method. Tixe crystal 
violet is a 3 per cent: solution in 95 per cent, alcohol in an equal volume 
of aniline water. 


CHAPTER V 


DEHYDRATION 

125. Dehydration is still almost universally carried out with 
ethyl alcohol, and the other substitutes have made little headway 
since their introduction into biological laboratories. Ethyl 
alcohol is supplied as absolute alcohol, or rectified commercial 
spirit which is about 96 or 97 per cent. The tissues must be 
dehydrated fairly thoroughly before adding the clearing agent 
which is the solvent for paraffin wax, or the ether celloidin alcohol 
mixture for celloidin-imbedding. In recent years various sub- 
stitutes have been suggested, which dehydrate, and will at the same 
time dissolve paraffin wax. Thus the so-called de-alcoholisation- 
stage (toluol, benzol, xylol, carbon bisulphide) is dispensed with 
and the imbedding process hastened. 

There is a number of substances which have been developed in 
connection with the aeroplane ‘‘ dope ’’ and lacquer industry which 
have remarkable solvent powers, as, for instance, dioxan (di- 
ethylene oxide), and cellosolve (ethylene glycol mono-ethyl ether), 
and which have been recently proposed for microtomy. Some of 
these, especially the amyl derivatives, have a toxic action, and 
should not be used in small or ill-ventilated rooms unless it is 
certain that they are harmless. 

It is generally believed that the dehydration of tissues should 
be carried out in graded strengths. Some workers always begin 
at 30 per cent., bringing the material through 50, 70, 90, to absolute 
alcohol, often a day and night in each strength. Others simply 
drop the fixed material, after washing, into 90 to 95 per cent, 
alcohol, and then into absolute alcohol. This may be quite satis- 
factory for rough histological materials, but is not recommended 
for delicate objects, such as embryos or insect larvas. See J. A. 
Murray’s method, § 173. 

A table is given in § 106, which gives figures for diluting 96 per 
cent, alcohol in order to get the lower strengths. 

The dehydration with alcohols is carried out in corked, or glass- 
stoppered phials, or in Stender dishes with ground or ordinary 
glass tops. In damp climates the corked bottles are necessary 
with the higher strengths, but in dry climates the Stender dish 
method is quite good enough. The periods of immersion of pieces 
in the various grades of alcohol obviously vary with the size and 
penetrability of the materials being used. Btti iMs is not all — it 
is certain that alcohol has a hardening effect, which is, up to a point, 
of very considerable impoHance^ Thus, while a frog embryo 
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caB be dehydrated in less than two hours in the various 
strengths, the end result is not so good as when the process is 
lengthened to a day or to forty-eight hours. This hardening 
effect, in the ease of some objects, like insects, is inimical to the 
best results, and some workers use other varieties of alcohols 
(§ 127) especially for the higher strengths which harden most. 
Thus it may be necessary, when using ethyl alcohol, to shorten 
periods in the 90 and 100 per cent, strengths as much as possible 
consistent with proper dehydration. In § 1261, are some notes on 
dehydrating plant material. 

126. Other Methods of Dehydrating, In the following para- 
graphs are given a few of the more recently tried methods. It 
should be noted that for general purposes none of these techniques 
has the general advantages of ethyl alcohol and terpineol, benzol, 
toluol, xylol or carbon bisulphide, in cheapness and reliability ; 
but for entomological and botanical work, such methods as the 
amyl alcohol, amyl acetate, methylal and dioxan will have a 
restricted usefulness. They may be regarded as quite unsuitable 
for routine work in students’ laboratories. 

127. Amyl alcohol has been a good deal used since it was 
suggested by Holiaxde (C. R. Soc. de BioL^ 1918). It is recom- 
mended by ELa-Rtridge (Journ, Physiol, 1920). This alcohol does 
not mix with water, but is miscible with 90 per cent, ethyl alcohol, 
toluol and xylol. Beyond the fact that it is less hydroscopic than 
ethyl alcohol, it is difficult to see its advantages in routine work. 
The fact that it does not mix with water is a serious objection to 
it. It does, however, dissolve paraffin wax, and it is possible to go 
straight from this alcohol into amyl paraffin mixtures, which in 
the case of some material may be very important. 

128. n-Butyl alcohol has been utilised for insects ; its use in 
microtomy was proposed by Mile. Larbaud (C. R, Acad, Sc,, 
1921). It has been especially studied by ICarl A. Stiles {Stain 
Tech., 1934), H. M. Smith {Turtox News, 9, 1931) and L. Mar- 
GOLENA {Stain Tech,, 1932). Stiles mentions that he got very 
good results with insect material. He used Gilson fixed insects 
which were transferred to 35 per cent, ethyl alcohol for thirty 
minutes to one hour, then to a mixture of 9 c.c. of 45 per cent, 
ethyl alcohol + 1 c.c. of butyl alcohol for two hours, then 8 
c.c. of 62 per cent, ethyl alcohol + 2 c.c. of butyl alcohol for two 
hours, then 65 c.c. of 77 per cent, ethyl alcohol + 35 c.c. of butyl 
for four hours, then 45 c.c. of 90 per cent, ethyl + 55 c.c. of 
butyl for six hours to days, then 25 c.c. of 90 per cent, ethyl -f 
75 c.c. butyl for six hours to overnight with one change, finally 
butyl alcohol alone, two changes at intervals of several hours. 
Pieces may be stored apparently indefinitely in butyl alcohol. 

Imbedding is done by transferring to a mixture of 2 parts 
paraffin wax to 1 of butyl alcohol (melting-point 56° to 58° C.) in a 


62 


DEHYDRATION 


covered Stender dish in the oven for twelve to twenty -four hours, 
which is afterwards uncovered until the odour of the butyl alcohol 
disappears, after which the pieces are transferred to pure 
paraffin wax. Long periods of infiltration are absolutely 
necessary, and do not harden either plant, vertebrate, or insect 
tissues as might be expected. 

In defence of this complicated and tedious technique, it may be 
stated that such insects as aphids cut very nicely, and the end 
result is probably better than with diaphanol. The times given 
above are not rigid, insects may be left longer periods in the grades 
without hurt. It may be noted that only 8-3 grms. of w-butyl 
alcohol are soluble in 100 c.c. of water. The dehydrating power of 
this alcohol is therefore low. 

129. Iso- and normal propyl-alcohols are excellent substitutes 
for absolute ethyl alcohol and mix in all proportions with water, 
xylol and cedar oil (W. C. Clothiee, Watson's Mic7'oscope Record, 
No. 31, 1934.) 

130. Ethylene Glycol Mono-Ethyl Ether (Cellosolve) has been 
suggested as a dehydrating agent by H. F. Feost {Watson's 
Microscope Record^ No. 34, 1935). It is expensive, inflammable 
and rapidly absorbs water from the air. We do not know whether 
it has any toxic action when breathed in small quantities. 

130 bis. Aviation Fuel or Petroleum Ether. In recent years 
ligroin (benzine or petroleum spirit) has been used as an inter- 
mediary between alcohol and paraffin. 

131. Dioxan (Di-ethylene oxide, M.P. 11°, B.P. 101°) has come 
into use in many laboratories. This liquid is a remarkable solvent. 
It mixes with water, alcohol, xylol and dissolves balsam and 
paraffin wax. It is a dangerous substance, and has a marked' 
toxic and cumulative action. It is unsuitable for students’ 
laboratories, and should only be used for special work. Its 
advantages are not so considerable that they outweigh the fact 
that it will have an effect on the health of laboratory workers. It 
has been said that it will preserve intra- vital stains in fixed pre- 
parations, and enable stained bodies to be studied in permanent 
preparations. With neutral red we have not found this to be so, 
but it is true that very good preparations may be prepared from 
materials dehydrated and imbedded in dioxan and dioxan wax 
mixtures. Introduced in 1931 by Gbaupnee and Weissbergee 
{ZooL Anz., Bd. 96) into microtomy, it is much used in chemistry 
also as a solvent. It is a useful substance for making celluloid 
cements. Since it has little odour, it is possible to breathe toxic 
proportions in air, without knowing that one is doing so. It will 
be particularly dangerous in those small, improperly ventilated 
rooms so often used for imbedding and section cutting. 

With this warning we give the method. From many fixatives 
it is possible to go straight into dioxan, which is changed three 


DIOXAN 


m 


timeSj and then pass to dioxan and wax — finaily pure wax ; thus 
with Bouin, Carnoy, Forniol, or with fixatives which are washed 
out in 'water, as for instance, chrome ones. Corrosive sublimate 
fixed pieces must go through alcohols as usual to 70 per cent, and 
iodine, but may then be placed in dioxan. In general, pieces 
dehydrate in fresh dioxan in twenty-four hours, and should be 
changed several times. Smaller pieces can be dehydrated very 
rapidly. We have used dioxan very successfully for imbedding 
pancreas by bringing the material into equal parts of dioxan and 
water, pure dioxan, equal parts of dioxan and wax, and so on. 
We believe this is better than dropping the pieces into pure 
dioxan. The possibilities of dioxan have not yet been fully 
investigated. 

After use, the dioxan can be collected and dehydrated by placing 
a bag of calcium chloride in the bottle. Some workers use a wide- 
mouthed glass-stoppered jar wdth a copper gauze layer near the 
bottom and calcium chloride below the gauze. Pieces to be 
dehydrated are dropped on to the gauze and recovered with forceps 
after over-night immersion. 

Dioxan Fixation, Here is C. E. McCIung’s schedule for this (Stain 
Tech.., 11, 1936). Fix in 1 part dioxan to 2 parts Bouin, wash out in 
dioxan, dehydrate and clear in fresh dioxan, infiltrate with warm 
mixtures of dioxan and paraffin — cut, spread and dry sections. Re- 
move paraffin in dioxan or xylol ; stain wash and dehydrate in dioxan. 
Mount in sandarac dissolved in dioxan, concentration varying with 
type of tissue. Material can be left weeks in dioxan without injury. 

W. O. Puckett (Stain Tech,, 12, 1937), like McClung, finds dioxan 
superior to alcohol-xylol for yolk laden eggs. 

Dangers of Dioxan. No student with suggestion of liver, 
kidney or lung trouble should use dioxan. Conn (Stain Tech,, 14, 
1939). Prolonged exposure to dioxan 1 in 1,000, causes severe 
toxic effects (T. B. Baird, Stain Tech,, 11, 1936). H. Mossman 
(Stain Tech,, 12, 1937), dioxan is not dangerously toxic in concen- 
trations likely \o be encountered in the microtechnique laboratory ! 

132. Methyl benzoate B.P., 198*6° C. S.G. 1*0942. Refractive 
index 1*517. This substance has been used for many years 
on the Continent, but only recently has it become popular in 
British and American laboratories. It is said to remove the last 
traces of water left after dehydrating in ethyl alcohol, and by 
clearing the blocks or embryos enables one to see how success- 
fully dehydration has feeen carried out. Material does not harden 
in the benzoate since its refractive index is very close to that 
of cedarwood oil, it is now used as immersion oil, with the advan- 
tage that it need not be wiped off, as it evaporates. But see 
warning in § 594. 

It is used as follows in imbedding. From absolute alcohol the 
piece of tissue is passed through two changes of pure methyl 
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benzoate, twelve to twenty-four hours in each, according to size 
of piece. The material will clear beautifully. Then transfer to 
benzol (two changes for twenty to thirty minutes) and through to 
a mixture of wax and benzol. (Refer also to § 181.) 

Some people pass material from 96 per cent, ethyl alcohol to 
methyl benzoate for objects which would harden too much in 
absolute alcohol. 

For Peterfi method see § 203. 

133. Methylal Method (L. Genevois, J. Dufrenoy, Sci., October, 
1935). Methylal or Formal is methylen dimethyl ether. B.P. 42° C., 
dissolves 3 parts water. Genevois has suggested a method favourably 
reported by Dufrenoy. Material is fixed and then brought into water 
which must permeate the pieces. It is then transferred to a mixture 
of water and methylal in equal parts, then pure methylal, then methylal 
dehydrated in anhydrous sodium carbonate ; after these baths the 
pieces are placed in equal parts of methylal and paraffin oil. The dish 
is w^armed up on a water bath, and then transferred to soft melted 
paraffin, and then finally into the hard paraffin. One hour for eacli 
stage is the time given by Dufrenoy. It is claimed that this method 
does not harden tissues, and its solvent power on cell granules is negli- 
gible. Methylal is rather expensive. We have had no success with this 
method. 

133 his, Phthalate Compounds in Embryology. Q. E. Nelson 
{Stain Tech,, 20, 1945) describes the use of various phthalates, 
and the most useful appears to be dimethoxy-ethyl-phthalate 
(CgH 4 (COOC 211400113 ) 2 ) used to clear dogfish, chick and mamma- 
lian embryos for class study. This substance will displace 85 
to 95 per cent, alcohol, and is regarded as a useful medium between 
alcohol, benzol and xylol in paraffin technique. We have no 
experience of the method. 


CHAPTER VI 


[ BE-ALCOHOLISATION AND CLEARING AGENTS 

134. Introduction, De-alcohoUsaiion * agents are liquids em- 
ployed for the purpose of getting rid of the alcohol which has been 
employed for dehydrating tissues (§ 124), and facilitating the pene- 

I tration of the paraffin used for imbedding, or the balsam or other 

resinous medium in which preparations are, in most cases, finally 
mounted. Hence all of them must be capable of expelling alcohol 
from tissues, and must be at the same time solvents of Canada 
balsam and the other resinous mounting media. The majority of 
them are essential oils. 

Clearing agents are liquids whose functions it is to make micro- 
scopic preparations transparent by penetrating amongst the highly 
refracting elements of which the tissues are composed; the clearing 
liquids themselves having an index of fraction superior, or equal, 
or, at all events, not greatly inferior, to that of the tissues to be 
cleared. Hence all clearing agents are liquids of high index of 
refraction. 

The majority of de-alcohoiisation agents being also liquids of 
high refraction, it follows that they serve at the same time for 
de-alcoholisation and for clearing ; and in consequence it has 
come about that de-alcoholisation agents are generally spoken of 
as clearing agents. But that practice is not strictly correct, for 
not all clearing agents are solvents of the resins, and not all de- 
alcoholising agents can serve as elearers. We shall, however 
still in many cases continue to use the term “ clearing ” to signify 
“ de-alcoholising,” for the sake of brevity. 

Neelsen and Schiefeerdeckeb {Arch, Anat, Phys., 1882, p. 206) 
examined a large series of ethereal oils with the object of finding a not 
too expensive substance that should combine the properties of clearing 
quickly alcohol preparations, not dissolving out aniline colours, clearing 
ceUoidin without dissolving it, and not evaporating too quickly. 

Of these, the following three fulfil the conditions : Cedar -wood, 
Origanunii Sandahwood, 

To these should be added the others recommended in the following 
paragraphs. 

See also the paper of Jordan (Zeit, wiss, Mik,^ xv, 1898, p . 50) as to 
the behaviour of some essential oils towards ceUoidin. 

135. The Practice of De-alcoholisation or Clearing. The old 
plan was to take the object out of the alcohol and float it on the 
surface of the de-alcoholising or clearing medium in a watch-glass. 

* Sometimes, as with dioxan, no alcohol is used. The arrangement of this 
and the last chapter is stiU useful however, 
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This plan was faultyj because the alcohol escapes from the surface 
of the object into the air quicker (in most instances) than the 
de-alcoholising or clearing agent can get into it ; hence the object 
must shrink. To avoid this cause of shrinkage, the operation is 
now generally done by the method suggested by Mayer and 
Giesbrecht, which consists in putting the clearing medium under 
the alcohol containing the object. The objects should not be con- 
sidered to be perfectly penetrated by the clearing medium until 
the wavy refraction-lines caused by the mixture of the two liquids 
at their surface have ceased to form, and they should not be 
mounted or imbedded until they have first been soaked for some 
time in a fresh quantity of clearing medium, to remove any alcohol 
still remaining. 

The penetrating of all clearing media may be hastened by using 
them warm. 

It frequently happens that the essential oil with which objects are 
being treated in a watch-glass or on a slide becomes cloudy after a 
short time, and fails to clear the tissues. This is owing to a combination 
between the essential oil and moisture derived, we think, rather from 
the air than from the objects themselves. The cloudiness can usually 
be removed by warming (as pointed out by Hatchett Jackson, ZooL 
Anzeig., 1889, p. 630), but in certain moist states of the atmosphere it 
may persist, notwithstanding continued warming. It is for this 
reason that we advise that clearing be done, whenever possible, in 
shallow corked tubes, under which conditions the phenomenon rarely 
occurs. In any case, be careful not to breathe on the liquid. 

136. Choice of a De-alcoholisation or Clearing Agent* In 
recent years terpineol and carbon bisulphide have begun to oust 
xylol or benzol from our laboratories for routine work, and the 
method of getting the dehydrated pieces between a layer of the 
oil and the alcohol in a phial (§ 4) is much used, instead of adding 
benzol or carbon bisulphide little by little to the Stender dish of 
alcohol. The introduction of dioxan, and the use of alcohols 
which dissolve paraffin, used in special work, has also to be noted 
(§§ 125-132). The use of terpineol or methyl benzoate instead of 
cedarwood oil, is to be recommended, as the former wash out in 
benzol much better than the latter in the two-stage clearing used 
for large pieces and embryos. We advise the beginner to keep on 
his table the following : terpineol, xylol, benzol, chloroform, or 
toluol, terpineol and methyl benzoate, for general use and for 
preparing objects for imbedding in paraffin ; clove oil, for making 
minute dissections in (§ 8), and for much work with safranin, etc., 
oil of bergamot, which will clear from 90 per cent, alcohol, and 
which does not extract coal-tar colours ; carbol-xylol and carbolic 
acid, for rapidly clearing very imperfectly dehydrated objects. 
The great majority of laboratory technicians still use benzol, 
xylol or toluol, and do not appear to have understood the 
usefulness of terpineol for special work. 
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137. Clearing Whole Mounts of Fresh- Water Micro-Fauna. 
Peter Gray (Watson’s Microscope Record, No. 37, 1936), remarks : 
Clove oil is rapid, but makes objects brittle ; terpineol is cheaper, 
safer, pleasanter, but much slower. Beechwood creosote (B.P.) 
Is probably the best all round reagent, it clears imperfectly 
dehydrated objects gently and effectively, leaving them flexible. 
Do not use cedar-wood oil, xylol or methyl salicylate, as these 
need more perfect dehydration. 

For special clearer for celloidin sections see Chapter VIII. 

138. Cedar Oil (Neelsen and Schiefferdecker, he. eit, 
§ 134). Clears readily tissues in 95 per cent, alcohol without 
shrinkage ; does not extract aniline colours. Celloidin sections are 
cleared in five to six hours. Cedar-wood oil has quite definitely 
been superseded by terpineol, which does a better job. Moreover, 
it is difficult now to get good cedar-wood oil. Some of the speci- 
mens of this oil recently purchased by us had a greenish tinge, 
and formed a soapy mass from the alcohol stage, and were quite 
useless for clearing. 

Cedar oil is very penetrating, and for this and other reasons was in 
Lee’s experience, the very best of all media for preparing objects for 
paraffin imbedding. He found it to be less hurtful to cells than any 
other medium known. Tissues may remain in it for any length of time 
without hurt. If it should become milky through keeping, fSter. 

139. Clove Oil. Samples of clove oil of very different shades 
of colour are met with in commerce. It is frequently recom- 
mended that only the paler sorts should be employed in histology. 
Doubtless it is, in general, best to use a pale oil, provided it be 
pure ; but it is not always easy to obtain a light-coloured oil that 
is pure. Clove oil passes very readily from yellow to brown with 
age, so that in choosing a colourless sample you run great risk of 
obtaining an adulterated sample, for clove oil is one of the most 
adulterated oils in commerce. 

Clove oil does not easily spread itself over the surface of a slide, 
but has a tendency to form very conveoc drops. This property 
makes it a very convenient medium for making minute dissections. 
It also has the property of making tissues that have lain in it 
for some time very brittle. This brittleness is also sometimes very 
helpful in minute dissections. 

These qualities may be counteracted if desired by mixing the 
clove oil with bergamot oil. 

This is one of the most useful of clearers. According to Behrens 
{Tabellen, 3rd ed., 1898, p. 83), it will clear from alcohol of 74 per 
cent. 

It has a high index of refraction, and clears objects more than 
balsam mounting media. It dissolves celloidin (or collodion), and 
therefore should not be used for clearing sections cut in that 
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medium without special precautions. New clove oil washes out 
basic tar colours more quickly than old. 

140. Cinnamon (or Cassia) Oil greatly resembles clove oil, but is in 
general thinner, and is more highly refractive. An excellent medium, 
which we particularly recommend. 

141. Oil of Bergaipot (Schiefferdeckee, Arch. Anat Phys., 
1882 [Anat. Abth.], p. 206.) Clears 95 per cent, alcohol prepara- 
tions and celloidin preparations quickly, and does not extract 
aniline colours. 

Bergamot oil is the least refractive of these essences, having a lower 
index than even oil of turpentine. 

SucHANNEK (Zeit wiss. Mik., vii, 1890, p. 158) says that bleached, 
colourless bergamot oil will not take up much water, whereas a green 
oil will take up as much as 10 per cent. 

Van der Stricht (Arch, de Boil., xii, 1892, p. 741) says that bergamot 
oil will, with time, dissolve out the fatty granules of certain ova. 

142. Oil of Origanum * (Neelsen and Schiefferdecker, Arch. Anat. 
Phys., 1882, p. 204). Ninety-five per cent, alcohol preparations are 
cleared quickly, and so are celloidin sections, without solution of the 
celloidin. Aniline colours are somewhat extracted. 

For work with celloidin sections care should be taken to obtain OL 
Origani Cretici (“ Spanisches Hopfendl ”), not OL Orig. Gallici (v. 
Gieson ; see Zeit. wiss. iv, 1887, p. 482). Specimens of origanum 
oil vary greatly in their action on celloidin sections. 

Squire, in the Methods and Formulce, etc., p. 81, said that origanum 
oil (meaning the commercial product) is nothing but oil of white thyme 
more or less adulterated (see next §), and that the product sold as OL 
Origani Cretici is probably oil of marjoram. 

143. Oil of Thyme. Fish (Ptoc. Amer. Mic. Soc., 1893 ; Zeit. wiss. 
Mt/i., xi,p. 503), following Bumpus, said that for most of the purposes 
for which origanum oil has been recommended, oil of thyme will do just 
as well if not better. The red oil is just as efficient as the white for 
clearing. 

White oil of thyme is sometimes adulterated with oil of turpentine 
to the extent of as much as 50 per cent. 

144. Oil of Gaultheria. Used by Unna (Monatschr. prakt. Derm,, 
Ergiinzungsh., 1885, p. 53) for thinning balsam. The artificial oil, 
methyl salicylate, is recommended by Gueguen (Comp. Rend. Soc. 
BioL, V, 1898, p. 285) both as a de-alcoholisation and clearing agent and 
as a solvent of paraffin. The refractive index is 1*53. It is, unfortu- 
nately, easily spoilt by water. 

145. Sandal-wood Oil (Neelsen and Schiefferdeckee, loc. cit.). 
Very useful, but its high price is prohibitive. 

146. Oil of Cajeput. See 10th edition. 

147. Oil of Turpentine. Turpentine has the lowest index of refraction 
of all the usual clearing agents except bergamot oil ; it clears objects 
less than balsam. (See under ‘‘ Cytology,” § 919.) 

* Dr. Stuart points out to us, that origanum oil can be (1) Spanish hop 
oil from Origanum vulgare, wild majoram ; (2) Thyme oil, sold in France as 
origanum oil; (3) Mixtures of both oils in different proportions, with or 
without turpentine. 
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148 . ' Terpineol is recommended by Mayee, Zeit. wiss. Mikr., 
xxvi, 1910, p. 528. Clears from alcohol of 90 per cent., or even 
80 per cent. One part xylol and 4 terpineol has been much used 
lately. Dr. Gordon Walls considers that terpineol is superior to 
all other clearing agents where refractory material likely to 
crumble is being sectioned. He says that it is best to bring up 
to 95 per cent, alcohol, then transfer direct to terpineol. For 
the terpineol paraffin method see § 173. It should be mentioned 
that this substance is sold commercially as Lilacene ” 
and “ Artificial Oil of Lilac.’^ It must not be confused 
with “ Artificial Oil of Hyacinth ” or terpinol, which is unsuitable. 
It was A. Wetzel {Zeit f, wiss. Mikr,^ 48, 1931) who first pointed 
out the special uses of terpineol in dealing with chitin, yolk and 
horny substances. He passes tissues from 96 per cent, to ter- 
pineol plus 96 per cent, alcohol 1 : 1, until the pieces sink, 1 : 2, 
1 : 3 for one hour each, then pure terpineol three changes, then 
the terpineol wax mixture (50 grm. to 10 grm. wax), finally 
pure paraffin (52®-56°). Wetzel used CaClg and carbide for dehy- 
drating methyl benzoate and terpineol. In the Dublin laboratory, 
the best routine preparations of human eyes have been got by the 
terpineol method. 

149. Phenol. Best used in concentrated solution in alcohol. 
Clears instantaneously, even very watery preparations. This is 
a very good medium, but it is better avoided for preparations of 
soft parts which it is intended to mount in balsam, as they generally 
shrink by exosmosis when placed in the latter medium. It is, 
however, a good medium for celloidin sections. 

Gage’s Mixture (Pwc, Amer, Soc, Micr,, 1890, p. 120). Phenol 
crystals melted, 40 c.c, ; oil of turpentine, 60 c.c. 

150. Creosote. Much the same properties as phenol. Beech- 
wood creosote is the sort that should be preferred for many pur- 
poses— amongst others, for clearing celloidin sections, for which 
it is a very good medium. Note Gray’s remarks (§ 137). 

151. Aniline Oil. Common aniline oil will readily clear sections 
from 70 per cent, alcohol, and with certain precautions (see the 
paper by Suchannek, Zeit wiss, Mikr,, vii, 1890, p. 156, or the 
third edition of this book) objects may be cleared from watery 
media without the intervention of alcohol at all. 

In recent years the use of aniline oil, for clearing delicate 
tissues, mammalian testicular material, has become widespread 
because the higher grades of alcohol may be avoided. It is to he 
noted^ however, that it should not he usedfoliowing osmic acid fixation. 
Ordinarily, one begins with tissues in 50 or 70 per cent, alcohol and 
gradually replaces the alcohol with aniline oil. After clearing the 
aniline oil should be washed out of the tissue by two or three changes 
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of chloroform, or some similar reagent, because it does not mix 
well with paraffin. 

On standing commercial aniline tends to discolour through 
oxidation, and if exposed to air, it may absorb water. While the 
change of colour does not spoil it for use, the lighter shades are to 
be preferred. (Old oil should be redistilled.) 

Aniline is chiefly used for clearing celloidin sections. It ought, 
however, to be soaked out before mounting by something else 
(chloroform or xylol for instance for some hours), as if not removed 
it will brown both the tissues and the mounting medium. 

152. Chloroform. For clearing tissues before imbedding chloro* 
form has long been a favourite reagent in many laboratories. 
It is an excellent de-alcoholisation agent, as it will take up a good 
deal of water, if any be left in the tissue, and it seems to render 
many tissues less brittle than xylol. The one drawback of chloro- 
form is that it does not penetrate well, and its use should therefore 
be restricted to small objects which are easily penetrable. 

153. Xylol, Benzol, Toluol. Too volatile to be recommendable 
as clearing agents in which it is desired to examine specimens. 

Xylol is the clearing agent in most common use at present. It 
will mix with 95 per cent, alcohol, but it is advisable to pass 
objects through absolute alcohol in order to ensure complete 
dehydration. Xylol has a tendency to harden all tissues, if they 
are left in it too long, and yolk ladened tissues are rendered 
especially hard and brittle. For the latter one should use either 
some other clearing agent, described elsewhere, or some measure 
for keeping the tissue soft (see § 178). 

Both xylol and toluol are liable to become acid if kept too long 
in partially filled vessels. To remove water from cheap xylol 
suspend a bag of fused copper sulphate in the jar. 

154. Carbol-xylol. In moist localities it is often difficult to 
clear alcoholic material with xylol alone and carbol-xyloi must be 
used. (Made by adding anhydrous crystals of pure phenol to 
xylol until no more will dissolve.) After clearing the object can 
be rinsed in pure xylol, if desired. 

Some workers prefer a mixture of equal parts of xylol and 
beeehwood creosote for clearing. 

155. Isopropyl Alcohol. Bradbuby (Science, Ixxiv, 1981, p. 225) has 
used isopropyl alcohol as a substitute for ethyl alcohol, the main 
advantage being that the former does not harden tissue as much and 
makes the sectioning of much material easier. (See also § 129.) 

156. H. F, Deury (Stain Teeh.y 16, 1941 ) uses Amyl Acetate as a Clearing 
Agent for embryonic material. Amyl acetate is soluble in 95 per cent, 
alcohol and hot paraffin and produces no hardening even over long 
periods. Treat embryos or tadpoles as follows : forty-five minutes to 
one hour in 95 per cent, alcohol, twenty-four hours in amyl acetate, 
rinse in toluol, fifteen minutes in each of three changes of paraffin, 
imbed. 
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IMBEDDING METHODS— INTRODUCTION ; 

157. Imbedding Methods. The processes known as Imbedding 
Methods are employed for a twofold end. Firstly, they enable us | 

to surround an object, too small or too delicate to be firmly held 
by the fingers or by any instrument, with some plastic substance s 

that will support it on all sides with firmness but without injurious : 

pressure, so that by cutting sections through the composite body ■ 

thus formed the included object may be cut into suiSiciently thin ■ 

slices without distortion. Secondly, they enable us to fill 
out with the imbedding mass the natural cavities of the object, i 

so that their lining membranes or other structures contained in ' 

them may be duly cut in situ ; and, further, they enable us not 
only to surround with- the supporting mass each individual organ r 

I or part of any organ that may be present in the interior of the 

! object, but also to fill with it each separate cell or other anatomical 

element, thus giving to the tissues a consistency they could not 
otherwise possess, and ensuring that in the thin slices cut from the 
I mass all the minutest details of structure will precisely retain their 

i natural position. 

i In any of these processes the material used for imbedding is 

technically termed an “ imbedding mass.” 

There are three chief methods of imbedding — the paraffin 
method, the celloidin or collodion method, and the gelatine. 

There is also Kultschitsky’s valuable combined celloidin- 
paraffin wax method. 

Choice of Method. For routine section cutting of the histo- 
logical type the paraffin method suffices. For harder objects, 
ceresin or rubber may be added to harden or toughen the paraffin. 

For objects containing spaces which tend to collapse, or for large 
embryos, etc., the celloidin method is indicated. The latter will 
not usually give serial sections. For small objects such as small 
embryos, insects, etc., the combined celloidin paraffin method 
is the best, where serial sections are necessary. If it is not 
possible to bring the sections through alcohol, ether, or benzol, 
etc., the gelatine or lead gum methods are indicated. If it is not 
desired to put the material in water, but to cut it quite fresh, the 
frozen section method is the one to use. The beginner should 
master the paraffin method first, and then try imbedding small 
objects in celloidin. These can be double imbedded in wax after- 
wards. ^ 
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It should be noted that there are two main types of microtome, 
one in which the knife moves with a slicing or sliding motion, 
the other in which the knife is fixed, and the block is cut without 
a slicing motion. There are few objects which cannot be cut by 
the sliding microtome after imbedding in hard paraffin. Objects 
to be cut with a fixed knife microtome need more support if they 
are to cut without undue pressure on the section. No objects 
imbedded and cut in paraffin will equal for anatomical correctness 
of parts, the ceiloidin or celloidin-wax imbedded section. 

The paraffin method is the one in most use ; for it is the more 
rapid, requiring only hours where the ceiloidin process requires 
days or weeks ; and it is the one which the most readily affords 
very thin sections. But this only applies to fairly small objects ; 
with objects of much over half an inch in diameter you camiot 
easily get with paraffin much thinner sections than you can with 
ceiloidin ; and if you try to cut in paraffin objects of still greater 
size, say an inch and upwards, it will frequently happen that you 
will not get perfect sections at all, blocks of paraffin of this size 
having a tendency to split under the impact of the knife. This 
defect is, however, much reduced by the employment of a softer 
paraffin or rubber paraffin. Strasser (Zeit wise, Mik,, ix, 1892, 
p. 7) has obtained series of frontal sections 30 /x thick through 
the entire human brain, in soft paraffin blocks measuring 10 X 
15 cm. And Mayer, with the Tetrander microtome, has obtained 
series of only 7* 5 /x with a surface of 4| X 3 cm. 

For very large objects ceiloidin is safer, because it does not 
split, and presents advantages for the manipulation of the sections 
obtained. For all classes of objects it has the advantages of 
affording a transparent mass (which facilitates orientation of the 
object) and of producing less shrinkage than paraffin (paraffin 
unavoidably shrinks on cooling to at least 12 per cent.). It is 
for these two reasons that ceiloidin is so frequently preferred by 
embryologists — even for small objects. 

Aqueous masses, such as gum or gelatin, may render great 
service in cases in which it is desired to avoid dehy dr atingtissms, 
and to apply cAmfcoZ to them. 

The laboratory worker should note the methyl benzoate 203), 
the dioxan (§ 131), the n-butyl alcohol (§ 128), the ceresin wax and 
ester wax methods (§§ 181, 182), as newer techniques which may prove 
helpful. Attention may be called to 59 for recently used imbedding 
manipulations. 

158 . Imbedding Manipulations. Imbedding in a melted mass, 
such as paraffin, is performed in one of the following ways. A 
little tray or box or thimble is made out of paper, some melted 
mass is poured into it, and the object placed in the midst of it. 
Or, the paper tray being placed on cork, the object may be fixed 
in position in it whilst empty by means of pins and the tray filled 
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with melted mass at one pour. The pins are removed when the 
mass is cold. 

In either case, when the mass is cold the paper is removed from 
it before cutting. 

To make paper trays proceed as follows. Take a piece of stout 
paper or thin cardboard, of the shape of the annexed figure 
(Fig. 1) ; thin (foreign) post-cards do very well indeed. Fold it 
along the lines a a' and h h\ then along c c' and d d\ taking care 
to fold always the same way. Then make the folds A A\ B B\ 
C C\ D D\ still folding the same way. To do this you apply 
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Fig. 1. 

A c against A a, and pinch out the line A A', and so on for the 
remaining angles. This done, you have an imperfect tray with 
“ dogs’ ears ” at the angles. To finish it, turn the dogs’ ears round 
against the ends of the box, turn down outside the projecting 
flaps that remain, and pinch them down. A well-made post-card 
tray will last through several imbeddings, and will generally 
work better after having been used than when new. 

Another method of folding the paper (Mayer) is described in 
the Grundzuge, Lee and Mayer, 4th ed., p. 77. 

Giesbrecht used trays of photographic films, which, being 
transparent, facilitate orientation under the dissecting microscope. 
To make paper thimbles, take a good cork, twist a strip of papex 
several times round it so as to make a projecting collar, and stick 
a pm through the bottom of the paper into the cork. For work 
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with fluid masses, such as celloidin, the cork may be loaded at the 
bottom by means of a nail or piece of lead, to prevent it from 
floating when the whole is thrown into spirit or other liquor for 
hardening (Fig. 2). Or you may use short lengths of solid lead 
rod instead of cork. 

Leuckhaet’s Imbedding Boxes are made of two pieces of 
type-metal (Fig. 8). Each of these pieces has the form of a 
capenter’s “ square ” with the end of the shorter arm triangularly 
enlarged outwards. The box is constructed by placing the two 
pieces together on a plate of glass which has been wetted with 
glycerine and gently \varmed. The area of the box will vary 
according to the position given to the pieces, but the height can 
be varied only by using different sets of pieces. Two sets will 
be sufficient for most work, one set of 1 cm. in height, and one of 
2 cm., each being 8 cm. in length, and 3 in 
breadth. To make the box paraffin-tight, 
so that it will hold the melted paraffin 
long enough in the liquid state to permit 
of the objects being carefully orientated in 
it, Mayeb {Mitth. ZooL Stat Neapel, iv, 
1883, p. 429) first smears the glass plate 
with glycerine, then arranges the metal 
‘‘ squares,” and then fills the box with 
collodion, which is poured out again im- 
mediately. As the ether evaporates, a 
thin layer of collodion remains behind, 
which suffices to keep the paraffin from 
running out. Even without the collodion, 
the mere cooling of the paraffin by the 
metal will generally suflice to keep it in 
long enough for orientation, if it is not in 
a superheated state when it is poured in. 

In such a collodionised box the paraffin may be kept in a liquid 
state by warming now and then over a spirit lamp, and small 
objects be placed in any desired position under the microscope 
{Jouni, Roy, Mic. Soc, [N.S.J, ii, p. 880). 

A lighter form of "‘squares” made of brass and devised by 
Andres, Giesbrecht, and Mayer, is described loc, cit. (See 
Journ, Roy, Mic, Soc*, 1883, p. 913.) A more complicated sort is 
described by Wilson in Zeii, wiss, Mik,, xxvii, 1910, p. 228, for 
use with imbedded threads to serve as orientation guides. See 
“Orientation.” 

Frankl (Zeit. miss, Mik., xiii, 1897, p. 438) builds up boxes 
with rectangular blocks of glass, which may be found convenient, 
but are more expensive than the metal squares. 

Selenka has described and flgured another sort of apparatus having 
the same object. It consists of a glass tube, through which a stream 
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of warm water may be passed and changed for cold as desired, the 
object being placed in a depression in the middle of the tube (see Zool. 
Anz.y 1885, p. 419). A simple modification of this apparatus, which 
any one may make for himself, is described by Andrews in Amer, 
NaiumLy 1887, p. 101 ; and a more complicated imbedding and orienting 
box, seldom necessary, is described by Jordan in Zeit miss. Mik.y xvi, 
1899, p. 82. 


To imbed in a watch-glass (previously rubbed around with 
glycerine), the object, saturated with paraffin, is put into a 
(preferably very concave) watch-glass containing molten paraffin. 
After this has been solidified by cooling (see § 165), a block 
containing the object is cut out of it, and mounted on the 
object-holder of the microtome (this is, of course, applicable to 
other masses, such as celloidin). 

159. Handling and Imbedding Very Small Objects. When 
dealing with ova of many marine invertebrates, the ovaries of 
Drosophilse, and other small objects, much time and valuable 
material is saved if they are enclosed, in some way, so as to 
prevent loss during dehydration and imbedding. In this section 
are brought together some of the devices with which we are 
familiar, but in several instances we are unable to cite the 
originator of the method. 

After any fixation which requires washing in running water, 
Painter’s method is to place the material in a short piece of glass 
tubing bent into the form of a J. The diameter of the tubing 
should be large, say 6 to 10 mm. The tube is placed upright in 
a small glass dish and water is dropped into the long arm, by a 
capillary syphon. Should any of the material be washed out of 
the tube it will be caught by the glass dish in which the tube is 
placed. This method works well with ovaries of Drosophilse. 

After fixation and washing, small objects can be mixed in a 
drop or two of white of egg. With a scalpel, the mass is scraped 
off on to the edge of a slip of paper and the albumen coagulated 
in 70 per cent, alcohol, or a 5 per cent, solution of corrosive 
sublimate, or a 2 per cent, solution of chromic acid. The choice 
will depend on the method of preservation used in the first place. 
The paper slip, which can be labelled, serves as a convenient handle 
and need not be detached until the material is actually imbedded. 

In America it is a common practice to employ the inner skin from a 
Drosophila pupa as a container for small objects which are to be im- 
bedded and sectioned. Lying just beneath the hard outer pupal case, 
in Drosophila species, there is a thin membrane surrounding the pupa 
which can be easily removed with needles a day or two before the adult 
emerges. The skin which surrounds the abdomen and which will 
usually come off intact, is the part used as a case into which ovaries 
and like material can be pushed with the aid of a blunt curved needle 
under a dissecting microscope. Painter has found it desirable to 
insert into the pupal skin a blunt curved needle and straighten out the 
wall, immediately after removal from the pupa, and then to transfer 
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tile skin on the needle to 50 or 70 per cent, alcohol. This causes the skin 
to harden somewhat and is a convenient method of storing the cases. 
In use, it is better to place the ovaries in the pupal skin Just after 
washing or while they are in 35 per cent, alcohol, because in higher 
alcohols they become friable and crush easily. The skin containing 
the ovaries may now be passed through the higher alcohols, stained 
with eosin, if desired, and cleared and imbedded in the usual way. 

When a considerable amount of material is available it can be 
drawn into a pipette and placed in the middle of a piece of more or 
less rectangular shaped membrane, such as the skin shed by many 
Amphibia or the anmion from embryos of higher vertebrates. 
The four corners of the skin can now be gathered up and twisted 
together with the aid of forceps, and transferred to the higher 
grades of alcohol which will quickly harden the skin so that it 
will not untwist. The skin with the contained material can now 
be dehydrated, stained with eosin if desired, cleared and imbedded 
in the ordinary way. Painter used this method in Dr. Boveri’s 
laboratory. 

A method which Gatenby uses for small objects and which 
originated probably on the Continent, is to sharpen a rod rather 
bigger than a lead pencil. Silver foil from cigarette packets is 
pressed over the end to form a cone. These cones have smooth 
sides and the objects fall to the bottom. The entire dehydration 
and imbedding process is carried out in the cone (propped up 
in a small Stender dish), the liquids being gently sucked out with a 
pipette. When cooled the tip of the paraffin block containing the 
objects is re-imbedded in a block of cold wax, in which a hole has 
been made with a hot wire. 

D. P. Costello’s Agar Paraffin Method for Small Objects. Make up 
fresh 2 per cent, agar in distilled water and dissolve completely by 
heating in double-boiler. Downgrade the material (small eggs, etc.) 
from 70 per cent, alcohol to water, and concentrate (the eggs) in a 
compact mass in a hollow ground slide or at the bottom of a groove 
in a glass (e.g. Lefevre dish). Cool the agar to 70° C., warm a small 
funnel in warm distilled water, shake off, put in filter paper and filter 
a drop or two of warm agar on to the mass (of eggs). Stir gently with 
needle. Let agar cool, plunge dish in 25 per cent, alcohol, upgrade to 
50 per cent., 70 per cent., etc. (fifteen to twenty minutes in each as 
desirable). Dehydrate, clear r^nd imbed agar block in paraffin. (Com- 
mimicated.) 

IlmsciiLER (Zeit /. mss. Mikr., 58, 1942) has a new method con- 
sisting of isolating small groups of eggs, etc., in the bottom of a filter 
paper. Imbedding is done in the sharp end of the paper, and it is 
finally cut out and opened over melted wax in a flat Stender or petri 
dish, the small objects falling in a heap in one region of the wax, which 
can then be cooled. 

For imbedding very small objects Samter (Zeit wiss. Mik., xi, 1894, 
p. 469) saturated small unstained objects with paraffin that had pre- 
viously been strongly coloured with alkanna extract, and then im- 
bedded them in pure paraffin, BHXJMBnEU {ibid., xii, 1895, p. 312, and 
xiii, 1896, p. 303) stained previously the objects themselves with eosin 
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dissolved in strong alcohol, and removed the stain from the sections with 
weak alcohol. See also ibid,^ xiii, p. 200, a paper by Schydlowski ; 
and in Zeit. wiss, ZooL, Iviii, 1897, p. 144, a process of Borgert. 

Borgert {Zeit, wiss, Zool,^ Iviii, 1897, p. 144) allowed paraffin to 
solidify in a watch-glass, bored a hole in it, and placed the objects in the 
hole with a little benzol, and put the whole for a short time into a stove. 

A watch-glass provided at the bottom with a groove or trough, in 
which small objects may be made to collect, is described by Lefevre, 
Journ, App, Mie., v, 1902, p. 280 (see Journ, Roy, Mic, Soc,, 1903, 
p. 233). 

Lauterborn (Zeit, wiss, Zool.y lix, 1895, p. 170) brought the objects 
through chloroform into paraffin in a small glass tube, and after cooling 
broke the tube and so obtained a cylinder of paraffin with the objects 
ready for cutting. 

Hoyer {Arch, mik, Anat,, liv, 1899, p. 98) performed all the operations 
in a glass cylinder (5 cm. long and 7 mm. wide), open at both ends, but 
having a piece of moist parchment paper tied over one of the openings. 
It is then not necessary to break the cylinder ; by removing the parch- 
ment paper the paraffin can be pushed out of it in the shape of a cylinder 
containing the objects imbedded at one end of it. 

Mayer (Zeit, wiss, Mikr,, xxiv, 1907, p. 130) took the gelatine 
capsules used by chemists : after cooling in water the gelatine swells 
and is easily removed. 

Meves (Arch, mikr, Anat,, Ixxx, Abth. ii, 1912, p. 85) employed 
wedge-shaped capsules. 


IMBEDDING METHODS— PARAFFIN 

160. Saturation with a Solvent. The first stage of the paraffin 
method consists in the saturation of the object with some sub- 
stance which is a solvent of parafiin. The process is sometimes 
called “ clearing,” since many of the substances used for infiltration 
are also clearing ” agents. 

The process of saturation should be carefully performed with 
well-dehydrated objects in the manner described in § 157. 

Saturation liquids, being liquids that are, on the one hand, 
miscible with alcohol, and on the other hand good solvents of 
paraffin, are not quite as numerous as could be wished. 

According to Graefe {Chem, Centralb,^ 1906, p. 874), at 20° C. 
petroleum ether (1 c.c.) dissolves 200 mg. of paraffin, chloroform 
246, benzol 285, carbon tetrachloride 317. And according to 
Apathy, at 20°C. benzol dissolves 8 parts per cent., chloroform 
10, toluol 10, xylol 12, oil of turpentine 8, cedar oil 4 to 6, bergamot 
oil 0*5 to 3, creosote and clove oil hardly any. Acetone, according 
to Mayer, dissolves hardly any. 

As a general thesis the best of all these are terpineol^ benzol or 
carbon bisulphide, chloroform {for small objects), methyl benzoate- 
benzol and cedar oil. 

Turpentine we do not recommend, because in our experience 
it is of all others the clearing agent that is the most hurtful to 
delicate structures. Clove oil mixes very imperfectly with paraffin. 
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and quickly renders tissues brittle. Oil of bergamot mbces still 
more imperfectly with paraffin. Benzol has been recommended 
Brass {Zeit. wiss, Mik., ii, 1885, p. 801), and is now much 
used. Toluol (or toluene) has been recommended by Holl {ZooL 
Jnz., 1885, p. 223). Choloroform is deficient in penetrating pomr, 
so that it requires an excessive length of time for clearing objects 
of any size ; and it must be very thoroughly got rid of by evapora- 
tion in the paraffin bath, or by successive baths of paraffin, as if 
the least trace of it remains in the paraffin used for cutting it 
will make it soft. The process of removal requires a very long 
time, in some cases days. It ought therefore to be reserved for 
small and easily penetrable objects. 

Naphtha has been recommended by Webster (Journ. Anat. and 
Physiol.^ XXV, 1891, p. 278). 

Field and Martin {Zeit. wiss. Mik.^ xi, 1894, p. 10) recommend a 
light petroleum known as “petroleum-ether.” It is highly volatile, 
and thus a cause of shrinkage. 

Carbon bisulphide has been recommended by Heidenhain {Zeit. 
wiss. Mik., xviii, 1901, p. 166) as being a very powerful solvent of 
paraffin. Most 'workers have found it to be much too disagreeable and 
dangerous a reagent for ordinary work, and not necessary even for 
delicate w’ork. See under “ Teeth ” and “ Chitin.” 

Carbon tetrachloride has been recommended by ,Ple6nik {op. cit., xix, 
1903, p. 328) and Pranter {ibid., p. 329) on the ground of not dissoMng 
out osmium -blackened fats. 

Mayer found it no better than benzol. 

161, The Paraffin Bath. The objects having been duly 
saturated with a solvent, the next step is to substitute melted 
paraffin for the saturating medium. 

Some authors lay great stress on the necessity of making the 
passage from the saturating agent to the paraffin as gradual as 
possible, by means of successive baths of mixtures of solvent and 
paraffin kept melted at a low temperature, say 85° C. With 
oil of cedar, at all events, this is not necessary. We simply put 
the objects into melted paraffin kept just at its melting-point, 
and keep them there till they are thoroughly saturated ; the 
paraffin being changed once or twice for fresh only if the objects 
are sufficiently voluminous to have brought over with them a 
notable quantity of clearing agent. If the objects have been 
for a very long time— months or years — in the cedar oil so that 
this has become thick, Lee removes it partially or entirely by 
soaking in xylol (thirty minutes to several hours) before putting 
into the paraffin. But with fresh oil of cedar he finds no advantage 
in doing so. (See, however, § 1056.) 

Giesbeecht’s method {Zool. Am., 1881, p. 484), is as follows : — 
Objects to be imbedded are saturated with chloroform, and the 
chloroform and objects are gradually warmed up to the melting- 
point of the paraffin employed, and during the warming small 
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pieces of paraffin are by degrees added to the chloroform. So 
soon as it is seen that no more bubbles are given off from the 
objects, the addition of paraffin may cease, for that is a sign that 
the paraffin has entirely displaced the chloroform in the objects. 
This displacement having been a gradual one, the risk of shrinkage 
of the tissues is reduced to a minimum. 

MAYBn (Grundzuge, Lee and Mayer, 1910, p. 84) first saturates 
the objects with benzol^ and then adds to the benzol some small 
pieces of paraffin, and lets them dissolve in the cold. After several 
hours (up to eighteen) the whole is brought in an open vessel on 
to the cold water-bath, the bath is then warmed gradually so as 
to attain a temperature of 60° C. in about two hours, and as fast 
as the benzol evaporates 7nelted loaraffin is added to it. Lastly, 
the paraffin is changed once before the definite imbedding. He 
rarely leaves objects overnight in the water-bath. 

Apathy {Mikrotechnik, pp. 149, 150) first clears with oil of cedar, 
then brings the objects into a solutmi of paraffin in chloroform 
saturated at the temperature of the laboratory. The objects 
remain in the chloroform-paraffin solution for from one to three 
hours, without warming, until all the cedar oil is soaked out of 
them. The whole is then warmed on the water-bath or oven to a 
few degrees above the melting-point of the paraffin intended to be 
used for imbedding, and the object is brought into a mixture of 
equal parts of paraffin and chloroform, being suspended therein 
near the toj) on a bridge made of hardened filter paper (or in a 
special apparatus to the same end, not yet described). It remains 
in this mixture, at the temperature of the oven, for one to three 
hours, and lastly is brought (still on the paper bridge or in the 
apparatus) into pure paraffin, where it remains for half an hour to 
two hours. 

Denne {m litt, 1907) points out that the objects ought at 
first to be at the bottom of the mixture. For this mixture is not 
a true solution, and the lower section of the contents of the tube 
is comparatively free from paraffin while the upper part is nearly 
pure paraffin. He moves the holder up in the tube at intervals, 
and the infiltration proceeds gradually with the minimum risk 
of shrinkage. Lastly, he removes the objects, on the holder, to 
the iop of a tube of pure paraffin. 

The practice of giving successive baths first of soft and then of 
hard paraffin, which has been frequently advised, appears to us 
entirely illusory. It is important to keep the paraffin dry — that is, 
protected from vapour of water during the bath. 

It is still more important to keep it as nearly as possible at 
'melting-point. If it be heated for some time to a point much over 
its normal melting-point, will rise, and you will 

end by having a harder paraffin than you set out with. And as 
regards the preservation of tissues, of course, the less they are 
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heated the better. Overheatingj as well as prolonged heating, 
tends, aniongst other things, to make tissues brittle. 

H. C. Wateeman {Stain Tech., 14, 19S9) points out that tech- 
nical stearic acid hardens paraffins, melting at 52° C. and above, 
but lowers their rneUing-point. Spermaceti wax lowers melting- 
point of such a mixture without much effect on hardness. With 
these two substances, imbedding media yielding thin sections at 
room temperature having melting-points below 52° C., can easily 
be prepared. “ Technical stearic acid ” contains palmitic and a 
small proportion of other fatty acids. 

The duration of the bath must, of course, vary according to the size 
and nature of the object. An embryo of 2 to 3 mm. in thickness 
ought to be thoroughly saturated after an hour’s bath, or often less. 
Many workers habitually give much longer baths, we think often 
longer than necessary. But some objects such as ova of Crustacea, 
may require three or four days (HeidEcke, Jena Zeit., xxxviii, 1904, 
p. 506 ; IMayee, Grundzilge, Lee and Mayee, 1910, p. 85 ; Beinkmann, 
Mitth. Zool. Stat. Neapel, xvi, 190B, p. 367, three to five days for uterus 
of Selachians ; Mullee, mikr. Anat, Ixix, 1906, p. 3, for lungs 

of mammals ; Poso, Esperiefize microtechniche, Napoli, 1910, p. 29, 
five to twelve days for uterus and placenta of Homo). Lee takes as a 
guide, generally, the length of time the object has taken to clear in the 
cedar oil, assuming that the warm melted paraffin ought to penetrate 
at least as quickly as the cold oil ; and then allowing somewhat longer, 
say as much again, in order to be on the right side. 

162. Water-baths and Ovens. In practically all laboratories 
rather expensive metal imbedding baths are used. These are 
thermostatically controlled in various ways. A. Ceaig-Bennett 
( J. JK. M. S., 1930) describes an admirable imbedding apparatus, 
consisting essentially of a wooden box containing a 100 watt 
electric lamp (wuth a dome shade). Beneath the shade is a tray 
of wide tubes of wax, so placed that only the top layerof the wax 
melts. The possibility of overheating the objects is eliminated. 
Craig-Bennett states that the wax melts quickly and the bath 
need only be turned on a short interval before use. The box has 
a lift-up front, and takes up little space. It should be excellent 
for research workers, and could be made by laboratory attendants. 

It is important that the paraffin should not be exposed to a moist 
atmosphere whilst it is in the liquid state. If a water-bath be used for 
keeping it at the required temperature provision should be made for 
protecting the paraffin from the steam of the heated water. 

163. Imbedding in Yacuo. There are objects which, on account 
of their consistency or their size, cannot be penetrated by paraffin 
in the ordinary way, even after hours or days in the bath. For 
such objects the method of imbedding under a vacuum (strictly, 
under diminished atmospheric pressure) renders the greatest 
service. Itnot only ensures complete penetration in a very short 
time — a few minutes— but it has the further advantage of pre- 
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venting any falling iri' of the tissues, such as may easily happen 
with objects possessing internal cavities if it be attempted to 
imbed them in the ordinary way. It is realised by means of any 
arrangement that will allow of keeping paraffin melted under a 
vacuum. 

That of Hoffmann is described and figured at p. 230 of ZooL Anz,, 
1884. In this arrangement the vacuum is produced by means of a 
pneumatic water aspiration pump, the vessel containing the paraffin 
being placed in a desiccator heated by a water-bath and furnished with 
a tube that brings it into communication with the suction apparatus. 

Feancotte (Bull Soc. Belg, Mic,, 1884, p. 45) produces the requisite 
vacuum by the condensation of steam. 

Fol (Lehrh., p. 121) employs the vacuum apparatus of Hoffmann, but 
simplifies the arrangement for containing the paraffin. The paraffin is 
contained in a stout test-tube furnished with a rubber stopper traversed 
by a tube that puts it into communication with the pump. The lower 
end of the test-tube dips into a water-bath. You pump out the air once 
or twice, wait a few minutes then turn out the object with the paraffin 
(which by this time will have become abnormally hard), and re-imbed in 
fresh paraffin. 

See also Pringle, in Journ. Path, and BacterioL, 1892, p. 117, or 
Journ, Roy, Mic, Soc,, 1892, p. 893 ; Kolster, in Zeit. wiss. Mik., xviii, 
1901, p. 170 j Berg, Zeit. wiss. Mik., xxvi, 1909, p. 209 ; Fuhrmann 
ibid., xxi, 1904, p. 462 ; Kolmer and Wolff, ibid., xix, 1902, p. 148 ; 
Gemmill, Journ. Roy. Mic. Soc., 1911, p. 26. 

164. Imbedding and Orientation. As soon as the objects are 
thoroughly saturated with paraffin they should be imbedded by 
one of the methods given above (§§ 158, 159 seq.) and the 
paraffin cooled as described next §. 

But it may be desirable to have the object fixed in the cooled 
paraffin in a precisely arranged position, and, above all, in a 
precisely marked position. Very small objects may be oriented 
as follows The object is removed from the melted paraffin, 
and placed on a cylinder of solid paraffin. A needle or piece of 
stout iron wire is now heated in the flame of a lamp, and with it a 
hole is melted in the end of the cylinder ; the specimen is pushed 
into the melted paraffin, and placed in any desired position. The 
advantages of the method lie in the quickness and certainty with 
which it can be performed. In using the needle it is important 
to melt as little paraffin as possible at one time, in order that that 
which is melted may cool again as rapidly as possible. 

Eerr {%iart. Journ. Micr. Sc., xlv, 1901, p. 4) employed an 
electrically heated needle. For the exact orientation of fairly 
large objects, su.ch as embryos, it is helpful, in a darkened room, 
to apply a powerful beam of light which passes without much 
obstruction through the paraffin and reveals faithfully the outlines 
of the specimen. A small arc lamp is recommended. 

The method of Patten (Zeit. wiss. Mik., id, 1894, p. 13) is useful 
when one desires to orient large numbers of small objects. You get 
some writing paper of the sort that is made with two sets of raised 
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parallel lines running at right angles to each other linen cloth 
paper ”). Small strips are cut from this, and at suitable intervals along 
them small drops of a mixture of collodion and clove oil, of about the 
consistency of thick honey, are arranged close together along one of the 
ribs that run lengthwise. The objects to be imbedded are cleared in 
clove oil or oil of bergamot. They are taken one by one on the point of 
a knife, and after the excess of oil has been drawn off, are transferred 
each to a drop of the collodion mixture, in which they will stay in any 
required position. When half a dozen or more objects have been 
oriented in reference to the cross lines (which are to be parallel to the 
section planes) the whole thing is placed in xylol turpentine. This 
washes out the clove oil and fixes the objects very firmly to the paper. 
The paper with the attached objects is now passed through the bath of 
paraffin and imbedded in the usual way. After cooling on w^ater the 
block is trimmed and the paper peeled off, leaving the objects in the 
paraffin close to the under-surface of the block. This surface is now seen 
to be marked by the orienting lines of the ribbed paper, and also by any 
record numbers which may before imbedding have been written with a 
soft pencil on the paper, Entz {Arch, Protistenk,^ xv, 1909, p. 98) 
orients in clove oil collodion on a cover-glass coated with paraffin, and 
puts the whole into chloroform in which the mixture sets into a sheet 
which can be detached. 

Mayer also {Grundziige, Lee and Mayer, 1910, p. 89) takes strips of 
photographic gelatine, and lets the collodion set in benzol. 

Hoffmann {Zeit wiss, Mik,, xv, 1899, p. 312, and xvii, 1901, p. 443) 
takes, instead of the ribbed paper, glass slips ruled with a diamond, and 
completely imbeds the objects in large drops of clove oil collodion 
(equal parts), allowed to stand for twenty -four hours in an open vessel. 
The drops are caused to set in xylol. 

Denne (Journ. AppL Mic,, hi, 1902, p. 888) imbeds on discs of paper 
held at the bottom of glass tubes containing the paraffin by bent wires, 
by means of which a cylinder of paraffin containing the object may be 
lifted out as soon as cool. 

165. Cooling the Mass. Whatever method of imbedding and 
orientation in the molten paraffin has been employed, the 
important point now to be attended to is that the paraffin be 
cooled rapidly. The object of this is to prevent crystallisation 
of the paraffin (which may happen if it be allowed to cool slowly) 
and to get as homogeneous a mass as possible. 

If the definite imbedding has been done in a watch-glass, hold 
it on the top of cold water until all the paraffin has solidified, 
and then let it sink to the bottom. When thoroughly cool, cut 
out blocks containing the objects. If the watch-glass has been 
smeared with a drop of mixture of equal parts of glycerine and 
water before putting the paraffin into it, the solidified paraffin 
will generally detach itself in a single cake and float up in a few 
minutes, or hours at any rate. Do mt attempt to remove it 
entire by warming the bottom of the watch-glass. Similarly 
with the paper trays or metal imbedding boxes. Or you may 
put them to cool on a cold slab of metal or stone, or on an ice cube 
(Woodworth, Stain Tech, 16, 1941). 

The paraffin blocks with the objects are now mounted on the 
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carrier of the microtome in position for cutting, and pared to 
the proper shape (next §). If any bubbles or cavities or opaque 
spots be present, prick with a heated needle till all is smooth and 
homogeneous. The same should be done if any cavities present 
themselves in the course of cutting. In bad cases, re-imbed. 

166. Shape and Orientation of the Block of Mass to be cut. 
These differ accordingly as the cutting is done with a slanting 
knife or a square-set knife (see next §). In the first case, the 
Hock is best trimmed to a three-sided prism, and orientated as 
in Fig. 4, so that the knife enters it at the angle a and leaves it 
at the angle c. When the section is cut it will adhere to the 
knife only by the angle c, and can thus most readily be removed 
by means of a brush or needle. The object itself should come 
to lie in the block close to the line 6 c, so that the knife at first 
cuts only paraffin, and that if the section 
begins to roll it may be caught and held 
down by a brush or section-stretcher before 
the object itself is reached. For the square- 
set knife the block is best trimmed to a 
four-sided prism, and orientated as in the 
first case, so that the knife first touches 
one angle, if onlj isolated sections are to be 
cut. But if ribbons (§ 175) are to be cut, 
the block must be orientated with one of 
its sides parallel to the knife-edge, and the 
opposite side must be strictly parallel to 
this one.: ^ 

An object which is not approximately isodiametrical but gives 
a section which is wider in one direction than another should be 
orientated cw, that is, so as to prevent its narrowest diameter 
to the knife-edge ; for it is in this position that it will offer the 
least resistance to the blade, and tend the least to make the edge 
bend away or dig into it. This is specially important with 
longitudinal sections of worms, Amphioxus, embryos of verte- 
brates, and the like. Most especially with a square-set knife 
should the narrowest diameter of the object be presented to the 
knife ; and only when the object is particularly hard, or otherwise 
difficult to cut, should it be turned so as not to let the whole of 
that diameter be attacked at once by the knife, but only a corner 
of it. And as far as possible arrange that the hardest part of an 
object be the last to be touched by the knife. 

For Noack’s simple apparatus for accurately orientating small 
blocks, see Zeit, wiss. Mik,, xv, 1899, p. ot Journ, Roy, Mic, 
Soc., 132, 1899, p. 550. 

For Eternob’s machine for trimming blocks to true cubes, see 
Zeit, wiss, Mik,, xv, p. 421, and for that of Schaffer, ibid,^ xvi, 
1900, p. 417. 




Fig. 4. 
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167. Knife Position, The position to be given to the knife 
may be considered under two heads, viz., its slant and its tilt. 

By the slant of the knife is meant the angle that its edge makes 
with the line of section : that is, with the line along which it is 
drawn through the object (or along which the object moves across 
it in the case of microtomes with fixed knives). The position is 
transverse when the edge makes an angle of 90° with the line of 
section, or the knife in that case is said to be set square. It is 
oblique or slanting when it makes a smaller angle with that line. 
The difference between the effect of the two positions is that the 
oblique position affords a more acute- afigled wedge than the trans- 
verse one. 

It does so for the following reasons : Neglecting for the moment 
the distinction between the cutting-facets and the surfaces of the 
blade (which are distinct usually because they are not ground to 
the same angle),* * *** it is clear that the knife itself is a wedge, the 
angle of which depends on the relation between the height of its 
base and the distance from the base to the edge. With the same 
base the angle becomes more acute the greater the distance from 
edge to base. Now by slanting the knife we can effect what is 
equivalent to an increase in the distance from edge to base ; for 
we can thus increase the distance between the point of the edge 
which first touches the object, and the point of the back (strictly, 
of the back edge of the under cutting-facet) which last leaves it. 
When the knife is set transversely, the line along which any point 
of it traverses the object is the shortest possible from edge to base 
of the wedge, and the effective angle of wedge is the least acute 
obtainable with that knife. But if it is set obliquely as possible, 
the line along which any point of it traverses the object, traverses 
the knife from heel to toe, that is, along the greatest possible 
distance from edge to base, and therefore sEovds practically a 
much more acute angled wedge than in the first case ; and so on, 
of course, for intermediate positions. (See the sterometrical con- 
structions of these relations by Schieffbrdeckek, op. cit., p. 115 ; 
and also with more instructive figures, ApAthy, ‘‘ Ueber die 
Bedeutung des Messerhalters in der Mikrotomie,’’ in Sitzber. 
med.-naturw. Section d. Siebenbiirgischen Museumvereins^ Bd. xix, 
Heft 7, p. 1 (Kolozsevar, 1897, A. J. Ajtai). 

For honing knives see Ssobolew, Zeit. wiss. Mik., xxvi, 1909, p, 65 ; 
Lendvai, ibid., p. 203 ; Funck, ibid.y xxvii, 1910, p. 75. 

* The edge of a microtome knife is composed of two plane surfaces — 
the upper and lower cutting-facets, which meet one another at an acute 
angle, the cutting-edge, and posteriorly join on to the upper and lower 
surfaces of the blade (see some good figures of differently shaped knives 

in Behrens, Kossee und Schieefeedecker, Das Mikroskop., pp. 115 , 
et seq. ; and in ApAthy’s paper quoted below). It will be seen that the 

two facets together form a W'edge welded on to the blade by the base. 
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168. Very large objects are best cut with the slanting knife, and 
so are all objects of very heterogeneous consistency, such as 
tissues that contain much chitin or much muscular tissue ; and 
better with a slowly working sliding microtome than with a quick- 
working Rocker or the like. Soft masses such as gelatine or 
celloidin cut wet, can only be cut with the slanting knife. The 
slanting position causes less compression of sections than the 
transverse one. It has the defect of producing rolling in paraffin 
sections more easily than the transverse position. The latter 
is the proper position for cutting ribbons of sections from 
paraffin. 

169. By the tilt of the knife is meant the angle that a plane 
passing through its back and edge makes with the plane of section : 
or, practically, the greater or less degree of elevation of the edge 
above the back (it is not to be confounded with the inclination 
of the long axis of the knife to the horizon ; any accidental 
inclination that this may have is a matter of no moment). 

The question of the proper tilt to be given to the knife under 
different circumstances has been investigated by ApAthy, loc^ 
eit supra. He concludes — (1) The knife should always be tilted 
somewhat more than enough to bring the back of the under- 
cutting facet clear of the object. (2) It should in general be less 
tilted for hard and brittle objects than for soft ones ; therefore, 
ccBteris paribus, less for paraffin than for celloidin. (3) The extent 
of useful tilt varies between 0° and 16° or occasionally 20°. 
(4) Excessive tilt causes rifts (longitudinal) in the paraffin, also 
furrows that in bad cases split up the section into narrow ribbons. 
It also makes sections roll. Also it may cause the knife not to 
bite, thus causing sections to be missed. Or it may give an 
undulatory surface to the sections, owing to vibrations set up in 
the knife, which may be heard as a deep humming tone. Further, 
we would add, excessive tilt may cause the knife to act as a 
scraper, carrying away portions of tissue bodily from the places. 
Excessive tilt may often be recognised by the knife giving out a 
short metallic sound just as it leaves the object. For knives 
with plane under-surfaces it is seldom advisable to give less than 
10° tilt. Knives with concave under-surfaces, on the contrary, 
may require to be placed almost horizontal. Jung’s knife- 
holders give mostly a tilt of about 9°, which is only enough for 
cutting ribbons with hard paraffin. 

A knife with too little tilt will often cut a second section, or 
fragments of one, without the object being raised, showing that 
during the first cut the object was pressed down by the knife 
and recovered itself afterwards. This fault is denoted by the 
ringing tone given out by the knife on passing back over the 
object before the latter is raised. Such a knife gives out a dull 
rattling sound whilst cutting. Too little tilt causes folding or 
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puckering of sections, and does not allow of the cutting of the 
thinnest possible sections, as the edge does not bite enough. It 
is thus frequently a cause of sections being missed, or coming off 
thicker at one end than the other. 

A slanting knife should have more tilt given to it than a square- 
set one. 

Ribbon section-cutting (§ 175) requires a relatively hard paraffin 
and less tilt. With celloidin it is very important to avoid in- 
sufficient tilt, as the elastic celloidin yields before an insufficiently 
tilted knife and is not cut. 

The tilt of the knife is given to a certain extent by the knife- 
holder sold with the microtome. With plane-concave knives it 
can be regulated to a certain extent by simply turning the blade 
over. It is more accurately regulated by means of mechanical 
contrivances, of which the most simple are the horseshoe-shaped 
wedges of Neumayek (see Jung’s price list). A pair of these, 
each ground to the same angle, is taken, and one of them placed 
(thin end towards the operator) under, and the other (thick end 
towards the operator) over, the clamping-arm of the knife-holder. 
Three pairs, having different degrees of pitch, are supplied, and 
are sufficient for most work. Other contrivances to the same end 
consist of knife-holders that permit of rotating the knife on its 
long axis, and though more costly, will be found a great conveni- 
ence where much section-cutting has to be done. 

170. Safety Razor Blade Holders. We have used one of these 
supplied by Leitz. It performed quite well, and is a solution of 
the difficulty of providing microtome kxiives for classes of 
students. 

171. Cutting and Section-stretching, Paraffin sections are cut 
dry — ^that is, with a knife not moistened with alcohol or other 
liquid. By this means better sections are obtained, but a difficulty 

* generally arises owing to the tendency of sections so cut to curl 
up on the blade of the knife. It is sometimes difficult by any 
means to unroll a thin section that has curled. To prevent 
sections from rollings the following points should be attended to. 

First and foremost, the paraffin mmt not be too hard, see § 161. 

If, after cutting has begun, the paraffin be found to be too hard, it 
may be softened by placing a lamp near the imbedded object. But 
then the paraffin, being warmed most on the side near^t the lamp, 
becomes softer on that side, and the sections have a tendency to become 
compressed and puckered-in on that side. 

If, on the contrary, the paraffin be found too soft, it may be hardened 
by exposing it to the cooling influence of a lump of ice. 

It is often sufficient to moderate the temperature of the room by 
opening or closing the window, stirring the fire, setting up a screen, or 
the like. 

Secondly, the knife should be set square, for the oblique position 
encourages rolling, and the more the knife is oblique the more do 
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the sections roll. Thirdly, it is better to cut ribbons than dis- 
connected sections • ribbons of section will often cut flat, when 
the same mass will only give rolled sections if cut disconnectedly. 
Rolling may often be lessened or suppressed by cutting the sections 
thinner. Mechanical means may be employed. The simplest of 
these is as follows : During the cutting the edge of the section 
that begins to curl is caught and held down on the blade of the 
knife by means of a small camel-hair brush with a flat point, or 
by a small spatula made by fixing a piece of paper on to the back 
of a scalpel. Or, which is much better, the section is held down 
by means of an instrument called a “ section-stretcher.” This 
consists essentially of a little metallic roller suspended over the 
object to be cut in such a way as to rest on its free surface with 
a pressure that can be delicately regulated so as to be sufficient to 
keep the section flat without in any way hindering the knife from 
gliding beneath it. 

Another plan is to allow the sections to roll, but to control the 
rolling. To this end, the block of paraffin is pared to the shape of 
a wedge five or six times as long as broad, the object being con- 
tained in the broad part, and the edge turned towards the knife 
(see Fig. 4). The sections are allowed to roll and come off as 
coils, the section of the object lying in the outermost coil, which 
will be found to be a very open one— indeed, very nearly flat. 
Lay the coil on a slide with this end downwards, warm gently, 
and the part containing the object will unroll completely and lie 
quite flat. 

Anile (Glandole duodenali, Napoli, 1903, p. 51) and Vastaini- 
Cresi {Mon. ZooL Itah, 1906, p. 164) lay a strip of wet filter- 
paper on the block. 

Another defect is the compression and the crumpling or 
puckering of sections, indicating that the paraffin has been 
compressed by the knife instead of being merely cut true by 
it. Such sections, besides showing creases or folds, have a 
smaller area than that of the block from which they are cut. 
This is a bad fault, for the compression may obliterate 
important cavities or efface important limits between cell- 
layers, etc. It may be caused by a badly cutting knife, and 
is very easily caused by the paraffin being too soft. To prevent 
it, correct the knife or cool the paraffin, or re-imbed in harder 
paraffin. For an interesting discussion on compression see H. F. 
Steedman (Q. J. M, S., 88, 1947). 

A. M. ScHECHTMAN {Stain Tech.y 12, 1937) claims that success in 
sectioning yolky material depends upon the manner in which the 
microtome wheel is operated. The secret of success lies in two points : 
(1) The microtome wheel is rotated rapidly through almost a complete 
cycle, and stopped abruptly just as the paraffin block strikes the knife. 
The sudden contact produces a very firm adhesion of successive sec- 
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tions. (2) The remainder of the cycle is accomplished very slowly ; 
during this time the knife is passing through the object. 

Very large sections tend to form folds on the knife, and are difficult to 
remove from it. ]VL\.yer {Grundziige, Lee and Mayer, p. 94) gets 
them to wrap themselves round a glass or gelatine tube laid on the block 
Just in front of the knife-edge and rolled forwards as it progresses. 
\¥hen cut, the section is rolled off on to the surface of water. 

172. Cutting Brittle Objects. Some objects are by nature so 
brittle that they break or crumble before the knife, or furnish 
sections so friable that it is impossible to mount them in the 
ordinary way. Ova are frequently like this. One remedy 
consists in covering the exposed surface of the object just before 
cutting each section with a thin layer of collodion, which serves 
to hold together the loose parts ; and will enable the operator 
to cut sections considerably thinner than can be obtained in the 
usual way. 

Mark {Amer, Natural, 1885, p. 628 ; cf. Journ. Roy, Mic. Soc,, 1885, 
p. 738) gives the following directions : 

“ Have ready a little very fluid collodion in a small bottle, through 
the cork of which passes a small camel-hair brush, which Just dips into 
the collodion with its tip. The collodion should be of such a consistency 
that when applied in a thin layer to a surface of paraffin it dries in two 
or three seconds without leaving a shiny surface. It must be diluted 
with ether as soon as it begins to show signs of doing so. 

“ Take the brush out of the collodion, wipe it against the neck of 
the bottle, so as to have it merely moist with collodion, and quickly 
pass it over the free surface of the preparation. Care must be taken 
not to let the collodion touch the vertical surfaces of the paraffin, 
especially not the one which is turned towards the operator, as that 
will probably cause the section to become stuck to the edge or under- 
surface of the knife. As soon as the collodion is dry, which ought to 
be in two or three seconds, cut the section, withdraw the knife, and 
pass the collodion brush over the newly exposed surface of the paraffin. 
Whilst this last layer of collodion is drying, take up the section from the 
knife and place it with the collodionised surface downwards on a slide 
prepared with fixative of Schaellibaum. Then cut the second section, 
and repeat the manipulations Just described in the same order.” 

Henking wiss, Mik., iii, 1886, p. 478) takes instead of collodion 
a solution of paraffin in absolute alcohol. 

Heider {Ernbryonalentw. v. Hydrophilus, 1889, p. 12 ; cf. Zeit. 
wiss. Mik,, riii, 1892, p. 509) employs a solution made by mixing 
a solution of gum mastic in ether, of a syrupy consistency, with 
an equal volume of collodion, and diluting the mixture with 
ether until quite thin and liquid. 

Thompson Flynn and J. P. Hill {Tran, ZooL Soc,, 1939) take 
a thick solution of celloidin in abolute alcohol and ether, and a 
thick solution of gum mastic in ether + volume of absolute 
alcohol, in equal parts. For use, dilute with ether + a little abso- 
lute alcohol until quite fluid. This solution is quoted by Minchin 
{Nat, ScL, voL iii, p. 122), 
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173. Hardness and Brittleness may be due to a number of 
causes. First is the selection of an improper fixation method. 
The reader will find in the various chapters of this book, adequate 
directions for the best type of fixing fluid to be used for different 
animal and plant tissues. If he lacks experience in these methods 
he should read the proper section before attempting to fix a new 
type of tissue. Second, ethyl alcohol has a tendency to harden 
tissues and difficult material should not be left in the higher 
grades any longer than is necessary for dehydration. Third, 
some of the clearing agents render certain types of material both 
hard and brittle. Fourth, leaving tissues too long in paraffin or 
over-heating them may cause brittleness. Fifth, certain types of 
tissues, even in the hands of the most experienced worker, are 
always hard and brittle When treated by ordinary methods. In 
these cases one should try one of the methods which are described 
below : — 

A. The Terpineol Method of Paraffin Imbedding. Any refrac- 
tory material which tends to become brittle when imbedded in 
paraffin, yielding crumbly sections, is best treated by this method. 
The method is particularly favourable for material which requires 
a lengthy stay in xylol and/or melted paraffin because of slow 
claribility or poor permeability to paraffin ; for, when material 
is it to be passed through terpineol on its way to paraffin, it 
does not seem to matter how long it is left in xylol beforehand, 
or how long it stays in melted paraffin afterward. 

Dehydrate to 95 per cent, alcohol and transfer to terpineol in 
a warm place to drive off the residual alcohol. After a few hours 
(or any indefinitely long period of storage) transfer to melted 
paraffin. Change the paraffin every hour or two until no odour 
of lilac remains, no matter how long this may take. Make the 
changes by transferring the material with forceps to a fresh 
container of paraffin, not by pouring off old paraffin and pouring 
on new — otherwise the odour test will fail through contamination 
of the outside of the jar with non-volatile terpineol. 

Imbed. On cutting, it will be found that material which other- 
wise, and even after cedar-wood oil treatment, would have behaved 
badly, will section as smoothly as soft glandular tissues embedded 
in paraffin in the usual way. This is the method now used by 
Dr. Gordon Walls, and in many laboratories. Dr. Walls claims no 
originality for the method. 

B. Johnston’s Rubber Paraffin. {Jour, AppL Micr,, vi, 
1903, p. 2662). 

Crude india-rubber, cut in small pieces . 1 part by weight. 

Paraffin, melted and tinged an amber 
colour and asphalt. . . . 99 parts. 

Heat to 100° G. twenty -four to forty-eight hours. If a lower 
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temperature is used treat the paraffin for a week or ten days. 
Then pour off the supernatant fluid and cool at once. Use 
as ordinaiy paraffin, but note that if you allow rubber paraffin 
to stand melted in the oven for a long time it tends to 
decompose. 

Johnston’s rubber paraffin is, perhaps, the most valuable aid 
we have for sectioning tissues which would be hard and brittle in 
ordinary paraffin. 

Shebivian, L., and L. W. Smith. Notes on the rubber paraffin method 
for embedding tissues (Amer. J. Clin. Path., Tech. SuppL, vol. 2, 1938). 
Beyee, E. M. Double imbedding method for rubber paraffin (Amer. 
J. Clin. Path., Tech. SuppL, vol. 2, 1938). 

C. The N-Butyl Alcohol Method. This method is useful when 
one wishes to avoid the hardening effect of ethyl alcohol and such 
a clearing agent as xylol. (See § 128.) 

N"butyl alcohol is only slightly soluble in water, but mixes 
readily with the higher grades of ethyl alcohol and also with 
paraffin, so that no separate clearing agent is needed. 

The N-butyl alcohol method was originally used for making 
sections of woody tissues which were too hard for ordinary methods 
but is now recommended for making sections of lightly chitinised 
insects, and promises to be a very useful adjunct for difficult 
material. 

D. Dioxan Method. This method also avoids the use of ethyl 
alcohol and benzol or xylol. Refer to § 131. 

E. Hardening Wax by Ceresin Method. This method enables 
one to harden the wax and to get something approaching the 
celloidin-wax method. It has been recently used a good deal. 
See §181. 

F. Double Imbedding in Paraffin Wax and Celloidin. See 

§ 200 , 

G. Treatment with Phenol. Phenol has long been known to 
impart to tissues an elastic texture and recently several methods 
have been developed which employ this agent to soften tissues 
which would otherwise be hard and brittle on sectioning. 


Petrunkevitch (Science, Ixxvii, 19.33, p. 117) uses phenol directly 
with the fixative and recommends the following t — 


Stock solution A : 

Distilled water 
Nitric acid, e.p. 
Cupric nitrate, c.p. 

Stock solution B : 

80 per cent, alcohol 
Phenol, crystals, c.p, 
Ether . , . 


100 c.c. 
12 „ 

8 grm. 

100 c.c, 

4 grm. 
6 c.c. 


Take 1 part of solution A and 3 parts of solution B. Fix immediately 
as this mixture does not keep well. Twelve to twenty-four hours is 
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usually sufficient, but in no case should it exceed forty-eight hours. 
Wash in several changes of 70 per cent, alcohol. 

James Murray’s (J. B, M, S., Ivii, 19B7) formol chloral hydrate 
phenol paraffin method for cutting insects, etc. This method will 
cut whole insects such as earwigs quite easily on a rotary micro- 
tome. Fix in formalin 10 per cent, in 0-8 per cent. NaCl, in which 
the material may remain indefinitely. Transfer to Gilson-Carnoy 
(absolute alcohol, chloroform, glacial acetic acid equal parts, 
saturated with corrosive sublimate, circa 4 per cent.). Leave in 
chloral hydrate phenol twelve to twenty -four hours or longer 
(chloral and phenol warmed together, in equal parts). Clear in 
chloroform, xylol or carbon bisulphide — imbed in paraffin. 
Sections will need to be treated in Lugol to remove corrosive 
sublimate. 

174. H, Treating the Paraffin Block. It is a curious fact that the 
tissue in block may be soaked in watery solutions, etc. McClung 
advocated exposing the tissue by cutting down the block to the tissue, 
and then soaking in water for some days. This lessens brittleness. 
Miss Slifer and King improved this by using 4 per cent, phenol in 80 
per cent, ethyl alcohol. Trim away until the edge of the tissue is 
exposed, or in the case of an arthropod, the integument is sliced away 
in one place. Soak the block under the fluid up to three days or more. 
In an insect or tick, the viscera should protrude a little beyond the cut, 
if the treatment is successful. If not, cut away a little more and soak 
again. Begin cutting sections and continue till the work is done as 
quickly as possible. The sections may need to be mounted on gelatined 
slides. Dr. Roonwal, of the Zoological Survey of India, tells us that he 
has found this method highly successful (Slifer and King, Science^ 
78,1933). 

A. C. Lendrum (Stain Tech,, 19, 1944) for hard human tissue soaks 
blocks in 9 parts glycerine to 1 part aniline oil. 

R. J. Daniel (J. Eoeper, Biol,, vol. 24, 1947) for salmon eggs, uses 
70 per cent, alcohol, 9 parts, glycerine 1 part, overnight, or B.D.H. 
“ MoUifex.” He fixed in Bouin-Allen or picro-dioxan, upgraded 
through>i-butyl alcohol. 

175. Ribbon Section-cutting. If a series of paraffin sections be 
cut in succession and not removed from the knife one by one as 
cut, but allowed to lie undisturbed on the blade, it not infre- 
quently happens that they adhere to one another by the edges 
so as to form a chain or ribbon which may be taken up and trans- 
ferred to a slide without breaking up, this greatly lightening the 
labour of mounting a series. For the production of a ribbon, the 
paraffin must be of a meltingpoint having the right relation to the 
temperature of the laboratory, see § 180. Secondly, the knife 
should be set square. Thirdly, the block of paraffin should be 
trimmed so as to present a straight edge parallel to the knife- 
edge ; and the opposite edge should also be parallel to this. It 
is by no means necessary to have recourse to special mechanical 
contrivances, as in the so-called ribbon microtomes ; the Thoma 


92 


IMBEDDING METHODS 


microtome is sufficient. But the automatic microtomes, and 
amongst them the Cambridge Rocking Microtome and the Minot, 
are certainly most advantageous for this purpose. 

If the paraffin is very hard, it is necessary for sections of 10 
and advisable for thinner ones, to coat the block with softer paraffin. 
To do this, take paraffin of about 40® C. melting-point, melt it, 
beat it to about 80° on the water-bath, dip the block into it 
for an instant, and rapidly turn it over so that the fluid paraffin 
may run down away from the top part as much as possible. 
Allow it to cool, and pare away again the soft paraffin from the 
two sides that are not to be arranged parallel to the knife. Or, 
as we frequently prefer, simply plaster a wall of soft paraffin 
(superheated) on to the upper and lower faces of the block with a 
small spatula. Large blocks may have two coatings given them. 

176. Static Electricity. In dry weather or under certain other cir- 
cumstances, static electricity may charge the cutting ribbon of paraffin, 
the sections adhering to the operator’s hand, or to the microtome. 
According to Oscar W. Richards (“ The Effective Use of the Micro- 
tome,” Spencer Lens Co., 1942), raising the humidity by boiling water 
in the room or burning a bunsen near the microtome may alleviate the 
difficulty. The most efficient solution is to dissipate the charges by 
ionizing the air by electrical methods (Rodden, C. J., “ Removal of 
Static Charges from Glassware by Ultraviolet Light,” Ind, Eng. Chem. 
Anal Ed., 12, 693, 1940). 

Professor Teacher found it is a great help to breathe on the razor as 
the sections are coming off, the effect being to reduce electrification. 

177. Shiny or Dull Side? The cut surface of a paraffin block is 
shiny, and as the block comes up for the next cut, the surface rubs 
against the back edge of the knife and is dulled. The ribbon therefore 
has an upper dull side, and a shiny under surface, and it comes off the 
microtome in a position in which it is convenient to keep the shiny 
surface downwards. In serial section mounting, stray sections can be 
oriented correctly by noting that the shiny surface should go down. 

178. Section Flattening. The sections having been obtained 
may be cleared and mounted at once if they are quite perfect, 
that is, neither rolled nor creased nor compressed. But should 
they in the least degree show any of these defects, they must first 
be unrolled or smoothed, or expanded to their proper dimensions. 

The most efficacious plan is combined treatment with fluid 
and heat. The sections are either floated on to the surface of warm 
water or warm alcohol contained in a suitohle dish, which causes 
them to flatten out perfectly, and are then transferred to a slide, 
by floating them into position, or otherwise. Or the slide has a 
layer of water spread over it, the sections are laid on the water, 
and the slide is heated (to somewhat below the melting-point of 
. the paraffin) until the sections flatten out, which happens in a few 
seconds. 

A special water-bath for flattening sections is described by Nowak 
in Zei7. wm. Mi/c., xii, 1896, p. 447. 
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179, Clearing and Mounting. The sections haying been duly 
smoothed by one of these processes, and duly fixed to the slide 
(Chapter X), unless it is desired to keep them loose, all that now 
remains is to get rid of the paraffin and mount or stain as the 
case may be. Many solvents have been recommended for this 
purpose : — ^Turpentine, warm turpentine, a mixture of 4 parts of 
essence of turpentine with 1 of creosote, creosote, a mixture of 
turpentine and oil of cloves, benzol, toluol, xylol, thin solution of 
Canada balsam in xylol (only applicable to very thin sections), 
hot absolute alcohol, naphtha, or any other paraffin oil of low 
boiling-point. Of these xylol and toluol are generally in most 
respects the best. Benzol and chloroform are too volatile for 
safe manipulation. 

If the slide be warmed to the melting-point of the paraffin, a 
few seconds will suffice to remove the paraffin if the slide be 
plunged into a tube of xylol or toluol. For thin sections, 10 to 
15 jut, it is not necessary to warm at all. The sections may be 
mounted direct from the xylol, or the slide may be brought into 
a tube of alcohol to remove the solvent for staining. 

Paraffin sections can be stained without removal of the paraffin, so 
that after-treatment with alcohol can be suppressed, but this is only 
very exceptionally advantageous. 

180. Pure Paraffin. It is now almost universally admitted that 
pure paraffin is superior for ordinary work to any of the many 
mixtures with wax and the like that used to be recommended. 
Paraffin varies enormously in hardness according to the tem- 
perature of its surroundings. It should therefore be taken of a 
melting-point suitable to the temperature of the laboratory. A 
paraffin melting at 50° C. or a little harder, is that which in our 
experience gives the best results so long as the temperature of the 
laboratory is between 15° and 17° C. For higher temperatures 
harder paraffin is required, and for lower temperatures a softer 
one. 

Many workers of undoubted competence prefer masses some- 
what harder than this ; so, for instance, Heidenhain (58°), Apathy 
(55°), Rabl (56°), Mayer (58° to 60° in summer ,* in winter about 
56°, but never less than 50°). Mayer points out that at Naples 
the temperature during five months of the summer and 
autumn is over 22° C. in the laboratory, sometimes over 
30°. Temperatures such as these are seldom realised in 
the British Isles, and, whilst we quite admit that such hard 
paraffin may have its mwn for Naples, we hold that for 
that very reason it is in general unnecessarily hard for cooler 
climates. Our recommendation of a relatively soft paraffin refers 
to work with the Thoma sliding microtome. Microtomes with 
fixed knives, such as the Cambridge, the Minot, or the Reinhold- 
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Giltay, will give good results with much harder paraffin, and, in 
fact, require such. 

Stout knives of hard steel will take a harder paraffin than thin 
ones of soft steel ; but the latter may be preferable for soft 
masses. 

For thin sections a harder paraffin is required than for thick 
ones. 

Hard objects require a harder paraffin than soft ones. 

Brass (Zeit, mss. Mik., ii, 1885, p. 800) recommends paraffin 
that has been kept for some years, as it has less tendency to 
crystallise than new paraffin. Paraffin of various melting-points 
is easily obtainable. Intermediate sorts may be made by mixing 
hard and soft paraffin. Lee finds that 2 parts of paraffin melting 
at 50° with 1 of paraffin melting at 36° C. give a mass melting at 
48° C., and a mixture of 1 part of that melting at 58° with 1 part 
of that melting at 45° gives a mass melting at 50° C. 

According to E. Burchardt {Jena Zeit. Naturw., xxziv, 1900, 
p. 719) mixtures of paraffins of different melting-points give better 
results than an unmixed paraffin of the same melting-points as 
the mixture. He recommends 10 parts of 40° paraffin + 1 of 
45° + 1 of 52° + 1 of 58° + 6 of 60°. 

For methods for ascertaining melting-points see Kissling, 
Chem. Central!)., ii, 1901, p. 507. 

181. Ceresin Method of Higgs, Waddington and Kriebel. This 
method has been worked out independently by Waddington 
and Kriebel {Nature, October 26th, 1985) and ‘Espinasse 
(communicated), the former for use in sectioning hard embryonic 
material, the latter for developing feathers. That the addition of 
ceresin alters the physicail structure of paraffin wax practically to 
micro-crystallinity was first pointed out by P. G. Higgs in a paper 
read before the Institution of Petroleum Technologists in December 
11th, 1984, and reported in January 19th, 1985. ‘Espinasse 

obtained some ceresin and found it remarkably good for his work 
on feathers, while Waddington and Kriebel have used it for 
sectioning yolky eggs and embryos, and reported very favourably 
on it. Waddington uses various mixtures of ceresin and wax 
even as low as 0*5 per cent., with great benefit. Ceresin itself, 
or mixtures of ceresin and wax, with a high proportion of the 
former must be melted in a beaker in a vessel placed in hot water, 
as the temperature necessary is too high to be got with a normal 
oven. ‘Espinasse used the following mixture; paraffin wax 
(M.P., 52° C.), Woolworth candles (suggested by Dr. Henderson 
of Hull) and ceresin (M.P. circa 72° C.), 1 part each. This makes 
a very hard mixture and should be filtered. The candles supplied 
by Messrs, Woolworth, Professor ‘Espinasse informs us, have 
a low melting-point, but add greatly to the smoothness of the 
mixture. 
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Methyl Benzoate Celloidin Ceresin Method of ’Espinasse (com- 
niunicated). The methyl benzoate method of Peterfi has been 
combined with the ceresin method for cutting very hard objects. 
It will give thin sections of small Crustacea, developing feathers, 
etc., and in one case gave excellent sections of the human pituitary 
and infundibular region. Dissolve 10 grni. of perfectly dry 
celloidin in 1 litre of methyl benzoate. Use this for clearing 
from ethyl alcohol. Objects may be left weeks without hurt. 
Transfer to pure benzol for a few minutes in the case of small 
objects, or some hours for larger specimens. Bring into wax, 
using the mixture mentioned in the previous paragraph. Then 
prepare a very hard mixture (higher proportion of ceresin) heated 
in a beaker ; this is poured into a mould, and when beginning to 
cool, it receives the object. 

182, Ester Wax Method of H. F. Steedman {QJ.MS., Vol. 88, 
1947). The use of diethylene glycol distearate was investigated 
by Orton and Post (1932), and Ward Cutler (1935), and 
abandoned. H. F. Steedman tried over 2,000 mixtures of various 
substances with the distearate, to overcome the weaknesses 
found by Orton, Cutler and Post. The final formula is : Diethylene 
glycol distearate 73 grms., Ethyl cellulose (low viscosity) 4 grms., 
stearic acid 5 grms., Castor oil 8 grms., Diethylene glycol mono- 
stearate, 10 grms. This gives a matrix with a melting-point of 
48° C. For hard tissues the ethyl cellulose may be increased to 
5 per cent., for softening the mixture, as much as 20 to 30 per 
cent, of diethylene glycol monostearate may be used. 

The block is translucent and wax-like. The mixture is made as 
follows : first weigh out the castor oil into a porcelain pot with a handle. 
Then the diethylene glycol stearate, and add about 15 grm. of the 
73 to the castor oil. Melt over a bunsen and when hot add the ethyl 
cellulose already weighed out. Heat till this dissolves, and then add 
the rest of the diethylene glyc61, the stearic acid, and the diethylene 
glycol monostearate. AUow to cool, and the mixture is ready. This 
substance is soluble in various alcohols, ethers, esters, hydrocarbons 
like xylol, benzol or toluol, in chloroform, acetone, and in natural oils 
like castor, cedar-wood, olive and wintergreen. 

After dehydrating, the material for sectioning is taken into the 
clearing medium (cellosolve or ethylene glycol mono-ethyl ether is 
recommended), then placed in a mixture of cellosolve and ester wax 
(as is done in the xylol wax mixture in ordinary inbedding in paraffin 
wax) then into the pure molten wax. 

Steedman says that a frog’s egg takes three hours, a piece of Lum- 
, bricus fifteen hours, slice of brain (34 X 25 X 10 mm.), sixty hours to 
infiltrate. In blocking up the material, L pieces are used. Adjust the 
L pieces, fill with molten ester wax, then put in the infiltrated piece, 
place in a petri dish of cold water, not submerging it, and fill up the 
hole which forms on contraction by using a hot needle or spatula. 
The block should cool quickly. 

The block is put on a microtome, md must M cut eery slowly^ or the 
sections crumple badly. This is a great disadvantage. The sections do 
not flatten as easily as do paraffin sections, and they tend to separate 
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during flatteiiiiig. Thick sections should be cut the day the block is 
made, while thin sections (3-0 /x) cut best on the second or third day. 

The adimntages of the method are that the compression loss is about 
7 -6 per cent, at lOg-, which is much smaller than is often usual with para- 
ffin wax, and the ester wax can be left on the slide when staining — 
i.e„ the water tolerance is greater than with paraffin wax, for the dried 
sections in the slide can be stained straight away. Steedman claims 
that it has a special advantage in the wide range of stain carriers 
possible. The writer has found this method to be tedious, the sections 
flatten badly and it is difficult to see its special advantages except 
perhaps for its use in a wide range of stain solvents. It seems certain 
that it will not supersede paraffin wax, and in some ways it is definitely 
inferior to the method of double imbedded (celloidin-wax) blocks. 
One great disadvantage is the slowness of penetration of the ester 
wax. Ester wax has been used by J. D. Smyth and A, Hopkins 
for glycogen wax imbedding § 712. 

183. Overheated ParajBfin. Spee {Zeit. miss. Mik., ii, 1885, p. 8) takes 
paraffin of about 50° C. melting-point and heats it in a porcelain capsule 
by means of a lamp until it has become brownish-yellow, and after 
cooling shows an unctuous or soap surface on being cut. This mass 
may be obtained ready prepared from Griibler. The object of this 
preparation is to make the mass stickier, in view of cutting ribbons. 

Van Walsem {Verh, Akad, Wetensch. Amsterdam, 1899, p. 132) 
recommended the addition of 5 per cent, of yellow wax to paraffin of 52° 
to 57° melting-point (for large sections of central nervous system). 

184. Surface Staining of Paraffin Blocks. Eugene Copeland (Stain 
Tech., 1943) points out that this technique will have certain uses. His 
photomicrographs are interesting and show the definite possibilities of 
this method. It should be specially applicable to ester wax, though 
this has not yet been fully realised. For paraffin wax, Copeland cuts 
the block on the microtome till the wanted face is reached, removes 
the block and rinses for several seconds in absolute alcohol to ensure a 
receptive surface. The block is then floated face down on the stain 
(hsematoxylin, counter stained in Orange G in 95 per cent, alcohol). 
Finally the block is blotted and dried in air, then trimmed to 2 to 
3 mm. in thickness and a cover glass is sealed to the cut surface by the 
heat of a microflame. Careful use of the latter will insure that the 
cover glass is sealed closely so that no crystals intervene. 
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COLLODION (CELLOIDIN) IMBEDDING^ 

185. This valuable technique we owe largely to French workers. 
Collodion imbedding has lost popularity in recent times mainly 
for two reasons. The modern rigid heavy rotary microtomes 
enable bigger paraffin blocks to be cut, and the paraffin imbedding 
method has been improved in several ways, e,g,, the rubber 
paraffin, terpineol and dioxan techniques. Collodion imbedding, 
however, is usually essential for the best embryological work 
because the collodion holds membranes apart and keeps their 
true relations. For large sections of brain and glands, the peculiar 
and controllable consistency of the collodion block is sometimes 
indispensable, but it is now a moot point as to whether sections 
from an object carefully upgraded and imbedded through dioxan 
or one of the newer wax methods do not rival or equal those 
by the celloidon technique. No collodion technique enables 
one to get complete serial sections except the Kultschitsky 
double collodion-wax method, and this has superseded the single 
collodion techniques in most zoological laboratories. According 
to CowBRY {op, cit.), collodion has lost its popularity partly 
also, because of the modern ‘‘ mania for speed,” a remark which 
contains much truth, not only for this technique but in other 
branches of microtomy. 

One of the most interesting developments of the collodion 
technique is the revival of the Apathy terpineol method slightly 
modified. By this sections can be cut on a rotary microtome, § 191. 
This method is recommended by Dr. Gordon Walls. 

This article, like those on collodion imbedding in other publications 
in various languages, owes much to the original in the 7th Edition by 
Arthur Bolies Lee. The reader may refer to this and the 8th 
Edition for many of the older references not given here. 

The collodions are solutions of pyroxylin or gun cotton. This is a 
mixture of di-, tri- and tetra-nitrates of cellulose, Celloidin is a 
trade name. Collodion masses penetrate without the employment of 
heat, but in some of the newer quick methods heat is used. The infiltra- 
tion at room temperature is a slow process, small pieces taking days, 
larger pieces weeks. In this country collodion can be bought ready 
made in solutions, or the chips are sold in bottles and kept under water. 
Perhaps it is correct to say that except in anatomical laboratories 
collodion is not as popular as it was. In zoological laboratories the 
double collodion paraffin wax methods are being constantly used and 
are indispensable for certain hard animals or objects. There are many 
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variants of the original collodion method introduced by Duval (Jour, 
de rAnat., 1879). At one time Schering & Co. had almost a monopoly 
with their “ Celloidin,” but now there are many varieties of purified 
or semi-pure gun cotton on sale. There is “ Parlodion ” (of Mallinckrodt) 
and the ‘‘ RS J sec. low viscosity nitrocellulose 30 per cent, solvent 
in absolute alcohol” (of the Hercules Powder Co., Gillespie, N.J., 
LT.S.A.) recommended by the Bensleys, which by some American 
workers is claimed to be superior to “ celloidin ” (Cowdry).* 

Urnia’s ‘‘ ceiloidinum inelasticum ” is made by adding to thick celloidin 
solution 2 per cent, of castor oil, thus making a less elastic block 
(Monatsch, j7, Dermatol,^ xxx, 1900). “ Photoxylin ” (Griibler) is 

more transparent than collodion after hardening in 85 per cent, alcohol. 
Tsciiernischeff (Zeit, wiss. Mik,, xvii, 1900) used “ colloxylin,” 10 grm. 
dissolved in clove oil, with addition of 50 c.c. of ether and 1 c.c. of 
absolute alcohol. 

Collodion is soluble in ether and absolute alcohol, acetone, 
clove oil, etc., and is hardened by chloroform. You infiltrate 
by the alcohol ether solutions using two strengths at least, and you 
harden the thick syrup by exposing to chloroform vapour, or 
else the hardening and storage is simply done in 70 to 85 per 
cent, alcohol which does not attack the celloidin block. In any 
case you can get a block nearly as hard as horn, or as soft as 
table jelly. By clearing in cedarw^ood oil these blocks can be 
made extremely transparent. Such an infiltration supports 
fragile structures and ensures the preservation of the correct 
relation of various parts of the animal or organ. Cutting can 
be done on the block wetted by 70 per cent, alcohol or cleared 
in cedar oil, on the dried block solidified in chloroform vapour, 
or you can double imbed by later infiltrating in paraffin wax 
of a low melting point. The celloidin block is permeable to 
all sorts of fluids, terpineol (not terpinol which is different), 
benzol, cedarwood oil, oil of origanum, chloroform and so on. 
If the block, or sections, need to be put into absolute alcohol, a 
few drops of chloroform in the stain jar stop the solvent effect, 
if sojourn in the liquid is not too long. 

The steps in imbedding are as follows : the material is fixed 
in any solution, but preferably not in picric acid, as this later 
infiltrates into and softens the block. However Bolcek claims 
(ZeiL tviss, Mik, 47, 1930) that this is overcome by placing the 
picric fixed material, e.g., Bouin from 70 per cent, alcohol to : 
cedarwood oil 10 c.c., absolute alcohol 80 c.c., oil of origanum 
20 c.c., nitric acid 10 c.c. for from ten to forty-eight hours. Now 
wash out in 96 per cent, alcohol. The material if not fixed in 
picric acid fluids is treated in the ordinary way and brought up 
through the alcohols to preferably absolute alcohol, but 96 per 
cent, can be used. We do not recommend this if double imbedding 
is the aim. After proper dehydration, the material is transferred 
to the collodion solutions. 

186. Collodion Solutions. These are made up to definite per- 
* For a b.V.C. method, see Appendix. 
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ceiitages, but owing to evaporation of their ether content, they 
tend to thicken. They can be diluted by adding a little ether 
alcohol mixture. Evaporation may be due to an imperfect 
glass stopper ; the mouth of the jar and the stopper should be 
carefully wiped after solution has been poured out. The exact 
strength of the solution does not matter much, except that you 
should put the dehydrated objects into the thin solution first. 
To make the solutions, the chips are taken from the water and 
dried overnight in a warm place, spread out on paper. Shreds 
and collodion wool can be treated in the same way. After drying 
they are weighed out to make a 4 and an 8 per cent, solution, 
ill equal parts of pure ether and absolute ethyl alcohol. Bensley 
makes a 20 per cent, stock solution, dissolving 140 grms. of nitro- 
cellulose in 250 c.c. ether and 210 c.c. absolute alcohol. He 
breaks this down to a 5 per cent, and a 10 per cent, solution by 
adding the correct ether absolute mixture. Likewise you can 
make the 8 per cent, solution as above and dilute it to 4 per cent. 
Solution of the collodion chips takes several days with stirring 
occasionally with a glass rod. See that the stopper is clean and 
tight each time to prevent unnecessary evaporation and access 
of moisture. Such solutions will not keep long if left on shelves 
in the sun, light and warmth : a greased bell jar standing on 
glass keeps the solution bottles well. However when the solutions 
thicken they can be diluted to the right consistency before use, 
because after practice it is possible to judge the correct consistency 
of the solution. Roughly speaking, the thin solution drops 
readily off a glass rod, while the thick S 3 a:upy solution just pours. 
Actually it is not necessary to use two solutions — the weaker one 
will do provided there is enough poured on the object being 
imbedded, and that slow evaporation is allowed to occur till the 
right consistency for blocking is attained. Some workers believe 
that it is always better to use at least two solutions. For double 
imbedding the thin solution properly used suffices, because with 
this technique, a hard celloidin block is not usually necessary. 
In the weak solution (4 per cent.) objects are left from forty 
hours to a week, according to their size and impermeability. No 
definite times can be given, but it is better to leave them for long 
periods as no apparent harm is done by this. A flea whose 
abdomen has been carefully opened by apertures made with a 
hard glass needle, will do overnight ; a large' piece of brains will 
take a week at least. When thought to be infiltrated, transfer 
material to the 8 or 10 per cent, solution, whichever is being used, 
and leave about three times the period for the thin solution. 
Infiltration can be hastened by attaching bottles to a vertical 
wheel which turns slowly and helps to mix the viscid solution. 

As to the t 3 q)e of bottle used, this will depend on the size of the 
object, but in all cases the mouth must be wide, and for the cold infiltra- 
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tion method, glass stoppers are recommended. A bell jar with ground 
edge is definitely useful, as the process can be slowed up if the ground 
edge is vaselined on to a glass plate. Some people store the collodion 
solutions in double stoppered bottles. 

Here a point arises — ^to what extent should evaporation be encour- 
aged ? If the objects must be left days in the two solutions to ensure 
penetration, the deliberate evaporation technique is contra-indicated 
because the too rapidly thickening solution does not penetrate properly. 
If however the objects being imbedded are more permeable, evaporation 
from the bottle can be allowed by putting a thin slip of paper between 
the stopper and the bottle. As to the proper consistency of the col- 
lodion solution before hardening, it can be said that the solution should 
just pour, or the piece should lift out easily with forceps, that is of 
thick syrupy consistency. It is usually therefore necessary to evaporate 
the 8 per cent, solution to about half its bulk before you imbed, and 
Bolles Lee and the older workers used large bell jars for controlling 
this evaporation, lifting once or twice a day. 

Clove Oil Collodion Solution. See § 201. For cedarwood oil 
and celloidin infiltration, see § 192. 

187, Imbedding and Hardening. A square paper box may be 
used as in § 158, or a paper thimble made by pinning a piece of 
paper around a cork, leaving a projecting collar. Lee says that 
for celloidin a soft wooden chuck is better : in any case the cork 
or wood must be covered with a thin layer of celloidin, which is 
allowed to harden, so as to prevent bubbles coming out of the 
wood. Most workers used a desiccator jar for the subsequent 
manipulations. A deep dish with a snialler tall petri dish inside 
does quite well. The object being hardened is put on the small 
dish inside the larger, a glass plate going over the larger dish. 
The dishes, cork thimble, paper box, etc., must be quite dry or 
else moisture will spoil the rest of the operation. Now pour the 
celloidin syrup with the object into the prepared paper thimble. 
Put the object in proper position near the bottom with a needle 
or fine forceps. At this stage the object or objects may tend to 
stick to the bottle on pouring out, and must be quickly recovered, 
and put in the thimble of liquid celloidin. At this stage also 
bubbles may appear in the syrup, and if numerous and the syrup 
thick it is better to try and get rid of them. If the bubbles are 
away from the object or objects there is no harm. Bubbles 
can be got rid of by putting the thimble on the petri dish, and 
pouring a little ether into the larger dish, so that ether vapour 
can reach the thimble. After a few hours the bubbles will come 
to the top, the ether can be poured away and hardening pro- 
ceeded with as follows : if the chloroform vapour method (Vial- 
lanes, Ann, Sc, Nat,^ 1888), now almost universal, is used, you 
simply pour a little chloroform into the larger jar, and replace 
the glass lid and leave some hours, or overnight, seeing that 
there is sufficient chloroform before going away. Some workers 
immerse the thimble gingerly in a mixture of liquid chloroform 
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and cedarwood oil (1 chloroform, 2 cedarwood oil). The vapour 
method is usually quite satisfactory. Now when the block is 
hardened (some hours), take the pin from the wood or cork, 
and gently strip off the paper. If the hardening has not been 
done long enough the hard surface breaks, and the liquid celloidin 
is exposed. If this happens you must put the paper back in 
position and harden for a longer period. 

If the celloidin block is very large, e.g., a large piece of brain, 
some workers prefer to harden in alcohol ; the card, or paper 
box containing the specimen is put in a large dish, and 70 to 
85 per cent, ethyl alcohol is poured in till it nears the top of the 
paper box. This is now left several days, or until it is wanted 
for cutting. As to strength of alcohol, some workers, as recom- 
mended by Busse {ZeiL /. wiss, Mik,, ix, 1892) use 85 per cent. 

It does not appear to matter much, except that if you are going 
to cut the block wet, it is best to use 70 per cent, as this is a con- 
venient strength. The point about the chloroform vapour method is 
that provided the jars and paper are quite dry, you can proceed 
to any subsequent method as may be desirable, and we definitely 
recommend chloroform vapour unless it is not indicated because 
of the large size of the block. 

If the block is to be cut wet, and when hardened in chloroform 
or alcohol (70-80 per cent.) does not appear solid ^ enough, 
this means that the last collodion syrup used had not been evapo- 
rated to the proper consistency, and it may be necessary next 
trial to evaporate slowly until thicker, under a bell jar, adding 
thick syrup as the celloidin around the object becomes less. This 
can only be learnt by experience. It should be noted that formalin 
added to the alcohol will help to harden a block whose consistency 
is not quite right. If the material is valuable and it is desired 
to retrace one’s steps, cut off excess celloidin with a knife, infiltrate 
first with absolute, then alcohol-ether and begin all over again. 

This will do no harm to the material. 

Now if the block is right after hardening in chloroform vapour 
and has been stripped of its paper, trim it with a razor blade, 
seeing that your hands are not damp, and that you do not breathe 
on it. 

188. Orientation. This should have been mainly accom- 
plished when the objects were put in the liquid celloidin in the 
paper thimble, and is easier if an angular paper box has been 
used. Indian ink lines can be drawn on the bottom of the box 
before putting in the object, and the trimming can be done from 
the bottom without taking off the paper rmtil the trimming line 
is right. If the paper is too thick to see the lines, these can be 
brought out by rubbing the paper with a little xylol or cedarwood 
oil. If a glass vessel be used instead of a* paper thimble or square 
for imbedding, lines can be drawn in oil (glass) pencil on the ; 
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bottom of the vessel, and these will show when the celloidin 
block is cut out by running a thin scalpel around the edge of the 
glass vial. 

In trimming the block there are two or three points which must be 
noted. If the block is to be double imbedded in celloidin wax, it can be 
trimmed close on all sides to the object, since the wax block subse- 
quently can be trimmed to give the necessary surround. If, however, 
it is proposed to cut the block in celloidin with a sliding microtome, the 
surround must be left in the celloidin, especially on that angle which is 
to face the knife. In addition you must leave enough celloidin on 
the bottom of the block to enable it to be cut flat and stuck to a wooden, 
fibre or hard rubber chuck, which will later be attached to the micro- 
tome. The celloidin block itself cannot easily be gripped by the jaws 
of the microtome holder and the wood or hard rubber chuck is best. 

A fibre or wood block suitable to fit into the holder of the 
microtome will usually be found in the laboratory. New ones 
can be prepared by soaking the face of the block in thick celloidin. 
If this discolours, it can be scraped, and a new coating of celloidin 
put on. Most people prefer a fibre or hard rubber chuck, others 
a block of paraffin corrugated on the fixing face. The bottom 
of the prepared celloidin block is cut flat, and then stuck on the 
chuck with syrupy celloidin and allowed to set, either in chloro- 
form vapour or in 70-80 per cent, alcohol, if the sections are to 
be cut by that method. BoUes Lee recommends treating the cut 
face of the block with absolute alcohol, then ether, so as to soften 
it slightly before putting on to the chuck. Apathy used a special 
cement for this, and some people prefer his method. It is ; 
celloidin, 16 grm., clove oil, 33 c.c. and (1 : 1) alcohol-ether 100 
c.c. It sets in about an hour, sufficiently to allow the chuck 
and block to be hardened off in 70-80 per cent, alcohol over- 
night. 

189. Cutting. When the block has stuck firmly to the chuck, 
cutting may proceed. It is best to use a lower percentage of 
alcohol (70 per cent.) because the higher concentrations tend to 
change too quickly in a warm room, and sectioning of the cut 
block face is more capricious. The block is arranged on the 
microtome holder so that there is a good wide celloidin surround 
towards the knife — this to hold the up-curling section as the knife 
passes through. As the knife passes through the block the section 
is held down with a suitable water colour brush. The knife must 
be heavy, the lower surface must be fiat, the upper concave or 
flat— the concave perhaps preferable as it holds more liquid. 
The knife and the block must be kept moist in 70 per cent, alcohol. 
If the block goes dry the sections are spoilt until more of the 
block is cut off. If the block is large, it may be best not to try 
to cut right through the block, but to make several back and 
forward motions, seeing that the section is free to slide up the 
knife into the 70 per cent, alcohol on its surface. The manual 
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dexterity which will enable good thin sections to be cut in series 
and slid along the knife can only be acquired by practice and 
patience. Sections can be floated off in order and mounted on 
prepared glass slides of suitable size. The beginner should cut 
thick sections first. 

In laboratories where celloidin cutting is routine, a drip arrangement 
for both knife and object is used, so that these are kept moist while 
the cutting is in progress. A dish of 70 per cent, alcohol and a larger 
brush does quite well however. If necessary to leave during cutting, 
place a wad of cotton wool saturated in 70 per cent, alcohol on the face 
and sides of the block. For hard material or blocks, the knife must be 
arranged obliquely to give the maximum slicing effect. Apathy began 
by greasing the upper surface of the knife with vaseline ; he claimed it 
cut better, was a protection, and lessened the mobility of the alcohol 
so that the arranged sections stayed where they were put. The knife 
and moving or rigid parts of the microtome must be screwed up tight, 
as a hard block of collodion is more difficult to section than paraffin. 
If Apathy’s series-on-the-knife method is to be used the knife must be 
vaselined (§215). 

190, The Oil or Dry Method. The older workers first used the 
method of cutting the block and wetting with 70 to 85 per cent, 
alcohol. E. Meyer {Biol, Centralb,, x, 1890) advised soaking 
the blocks before cutting (after they had been sealed on the wood 
chuck) for twenty-four hours in glycerine. Bumpus (Amer, J, 
Anat, xxvi, 1892) after hardening in chloroform passed to oil of 
thyme. The knife was wetted with this oil. Gibson was appa- 
rently the first to use cedarwood oil for clearing the chloroform 
hardened block. In all cases the knife and the block are kept 
‘‘ wetted ” by the oil used to clear the block. Walls {Stain 
Tech,, xi, 1936) has a method for cutting cedarwood infiltrated 
blocks on a rotary microtome. In all such cases we believe it 
better to go on to low melting point wax, or to cut in the first 
instance in 70 per cent, alcohol, but recently Walls has been 
cutting in terpineol instead of cedarwood oil. See next §. 

191. Apathy’s Terpineol Method. The block, hardened in 
chloroform vapour, is trimmed and passed to a mixture of equal 
parts of 80 per cent, alcohol and terpineol, then into pure terpineol. 

Br. Gordon L. Walls, who disclaims any originality, has 
drawn our attention to the terpineol method, which in his opinion 
has superseded cedarwood oil both in paraffin and celloidin 
processes. Dr. Walls points out that blocks hardened in chloro- 
form may be placed directly into terpineol and after a day 
or more will be found4o cut smoothly on a rotary microtome yfi^hout 
tendency for the knife to jerk through the block. Sections are 
taken off the knife, rinsed in 95 per cent, alcohol, then directly 
to water for the staining. 

Langeron mak^ the statement that by the Apathy method one cannot 
obtain sections thinner than 15|i.. Both the terpineol and the cedar- 
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wood oil cleared blocks can be stuck to the chuck after careful wiping, 
with some thick (8 per cent.) collodion, which must be dabbed with 
chloroform, or left overnight in vapour. 

The revival of the terpineol method in the United States of America 
is definitely due to Dr. George E. Lathrop, the ophthalmologist. Lathrop 
has also used terpineol extensively by clearing arthropods. 

192. Celloidin Cedarwood Oil Imbedding. Thompson Flynn and 
J. P. Hill use this method for monotreme eggs. The usual grades 
of ether alcohol celloidin are used 1 per cent., 2 per cent., and 
4 per cent, in the proportions of 6 celloidin to 1 of cedarwood oil 
during imbedding. After days in each solution the block is 
hardened and cleared in cedarwood oil chloroform, 2:1. See 
§ 1065. 

193. Treatment of Sections. Once the sections have been made 
they can be stored in the fluid in which they were cut, be it 70 
per cent, or tepineoL They can be brought into lower strengths 
of alcohol, placed in the stain, and when finished, upgraded, 
passed through absolute alcohol containing a few drops of chloro- 
form, placed on a dry slide, covered with a slip, and xylol, benzol 
or cedarwood oil run under. The object of the cover is to hold 
the section flat, so as to reduce the puckering. Where you have 
many sections to choose from, this method does quite well if the 
drying mounted slide cover is kept flat by a weight. See that 
fresh mountant is added if necessary. For clearing such free 
sections, some people use terpineol (§ 148). Unless the dehy- 
drated sections are well held flat under the cover, the puckers 
will be preserved or worsened by the xylol or benzol. Various 
softening clearing fluids have been used for this period, the object 
being to soften the celloidin so that it will flatten more easily. 
Minot (Zeit uiss, Mih^ iii, 1886), like many modern workers, 
used Dunham’s mixture at this period. It is 3 or 4 parts of 
white oil of thyme, 1 part of oil of cloves. After clearing in 
this, wash in benzol and mount in balsam. H. Flesch used beeeh- 
wood creosote for clearing. 

194. Marking Sections. J. M. Hamilton (Stain Tech,, 16, 
1941) makes an ink for this purpose as follows: 20 per cent, 
collodion dissolved in amyl acetate, coloured to the correct degree 
with ivory black (oil pigment). After the sections have been 
cut, one corner is mopped up and the number written with the 
ink. Before returning the section to alcohol, the ink is hardened 
by gently applying a drop of chloroform with a second brush. 
Animal black, or grated Chinese ink would also do for mixing 
with the amyl acetate solution. 

195. On Sticking Sections to Slides. It is naturally more con- 
venient to have sections stuck on slides if possible. Most workers 
avoid this, but it is helpful not only for changing the sections 
from jar to jar in the ordinary way, but a sequence of serial sections 
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can be put up more easily on a single slide. The three methods 
now used are the gelatinised slide, the albumen and the collodion 
solution. The preparation of the gelatinised slide is given in 
§ 213, according to Fobs method : another method is : 10 per 
cent, gelatine in water with a crystal of thymol, or 10 c.e, of 
phenol of 5 per cent., if the solution is to be kept. If not these 
may be left out. The collodion solution is about 2 per cent. The 
sections in 70 per cent, alcohol are placed on a thin layer of either 
of the three fluids above mentioned, arranged in order and 
smoothed down with cigarette paper, “ papier-closet,” or similar 
thin paper. Many workers arrange the sections on a small strip 
of thin paper, mop up excess 70 per cent, alcohol with a similar 
strip, remove this carefully and press the prepared slide on the 
arranged row of sections. The lower paper now upwards can 
usually be pulled off after the sections have been carefully 
smoothed flat with the finger. If you have used collodion solution, 
harden in chloroform vapour, if gelatine, evaporate formaldehyde 
gas from a test tube by heating a little formalin and harden in 
that, if Mayer’s albumen, the sections are mopped up well with 
cigarette paper and dipped gently in alcohol-ether (1 : 1), which 
sticks them down, but removes the celloidin. Further methods 
are given in 208. Note Gage’s albumen, Apathy’s bergamot 
oil and Weigert’s methods ; refer especially to the directions 
given in § 226, on gelatined slides under “ Freezing Technique,” 
Chapter XI. 

196. Staining Collodion Sections. The beginner will soon notice 
that the collodion section is difficult to differentiate, and 
seems to overstain. This can be overcome by diluting the stain 
or by shortening the staining period. Diluted Harris’s or 
Delafleld’s haematoxylin are excellent, the counterstain must be 
used for a shortened period. It should be remembered that the 
collodion section is nearly always thicker than its wax prototype. 
According to Pantin (op. cit.) chlorazol black is good for celloidin 
sections. 

197. Removal of Collodion from Sections. If this is considered 
necessary use absolute alcohol, ether, or the mixture of the two. 
Some workers are using acetone for this purpose, which is said to 
behest. 

198. Preservation and Marking of Blocks. Hardened blocks are 
stored in 70 per cent, alcohol, or dry (after hardening in chloroform* 
vapour) by being dipped into melted paraffin (Apathy, Zeit. wiss. 
Mik., V, 1888), or after rinsing in water in glycerine jelly, which may 
be removed with warm water before cutting (Apathy, Mitth. Zool. 
Stat. Neapel; xn, lS97). Some workers use Indian ink to label the side 
of the block, or some commercial stamp-inks are useful. A good way 
is to write the label in pencil on a small piece of paper, and to stick this 
into one side of the thick solution in the paper thimble just before 
pouring the chloroform into the larger vessel, or bottom of the desiccator. 
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The label then becomes stuck to the hardened block. This is the 
safest method. Hamilton’s amyl acetate ink obviously would do for 
marking blocks, § 194. 

199 Rapid Methods of Infiltration. As given above, the celioidin 
method is slow but sure, and will be so used by the embryologist 
and other w^orkers who desire to infiltrate and preserve in their 
natural positions, cavities and membranes. Gilson and Holies 
Lee (1892) advocated bringing the objects into ether, then into 
a test tube of thin celioidin or collodion. The tube is dipped into 
melted paraffin, and boils until it becomes syrupy, and is reduced 
to about J- its volume. Wlien this happens the block is made 
as described above. Small objects infiltrate in about an hour. 
Lee claimed that as celioidin solution boils at a very low tempera- 
ture no harm is done to the material by this procedure. 

Recently a more heroic method has been suggested by Gordon 
Walls {Stain Tech., vii, 1932). He uses 2, 4, 6 and 8 per cent, 
solution^. A strong glass bottle with a good cork is chosen, the 
objects are put in the bottle in a minimum of the solution, and the 
cork is wdred on. The bottle is placed in an incubator at 50°~60®, 
left overnight, then taken out and allowed to cool before the cork 
is removed. The stronger solution is then put in, and the same 
incubation carried out for each strength. If the cork is released 
before the bottle has cooled, the tissue will be spoilt by the emission 
of ether bubbles from it. Walls’ method is said to be useful 
where penetration by the cold method is not satisfactory, and 
where pressure penetration is necessary — e.g., into bony cancellous 
tissues. Naturally, Walls’ pressure method is not to be recom- 
mended for student classes, because of the danger of the explosion 
of a faulty bottle. For other hot and rapid celioidin methods, see 
G. D. Richardson (J. Tech. Meth., 13, 1934), A. A. Koneff 
and W. R. Lyons {Stain Tech., 12, 1937). 

200. Double Imbedding in Celioidin and Paraffin. (Kults- 
CHITZKY, Zeit. wiss. Mik., 48, 1887). This method is widely 
used in embryology and in work on hard animals like fleas and 
ticks. When the paper container of celioidin with the object has 
been hardened in chloroform vapour (§ 187) it may then be quickly 
and carefully cut out and trimmed, then placed in liquid chloroform, 
or in benzol. Warn of the low melting point type is chipped over the 
object in the chloroform, and the dish is put in the imbedding 
oven for up to an hour till the object is infiltrated. The cliloro- 
*form wax, or benzol liquid is poured off, and pure melted w^'ax 
added. This is left for one or two hours according to size of 
object. The block is made as with ordinary wax, trimmed so 
as to leave a border of wax around the celioidin. Sections are 
cut with a rotary microtome, and should ribbon normally. 
If the celioidin parts from the wax, either water had got into the 
celioidin, or wax imbedding had been done too quickly. Bring 
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into benzol to melt off wax, then into pure benzol, then into 
absolute alcohol with 25 per cent, of chloroform. After dehydra- 
tion is perfect, proceed back to benzol or chloroform as before. 

Sections should mount on a slide using ordinary glycerine 
albumen water. If the sections tend to curl, use Ruyter’s fluid 
instead (§ 202). For the terpineol method, place the block, 
after hardening, in terpineol, and leave till permeated. Transfer 
to pure low melting point wax as above. In the original method, 
Kultschitzky used origanum oil for clearing. For very crumbly 
material note § 172, on gum mastic paint. 

201. A. E. Boycott’s Clove Oil Celloidin Imbedding of Small 
Objects. See§ 1065. D. P. Wilson (J. E. M. liii, 1933) 
suggests this ingenious method which will he found convenient 
for all types of smallish objects. Prepare a small glass tube as 
follows. Stick it upright to the bench with plasticine and add 
first a treacle thick layer of celloidin on the bottom, then carefully 
pipette in a similar layer of the celloidin and clove oil mixed in 
equal parts, then a layer of clove oil, then a layer of absolute 
alcohol. The dehydrated ob j ects are carefully added to the absolute 
alcohol. If they are very small and transparent they can be 
previously stained in eosin or methyl blue. The tube should be 
corked well. When the objects have sunk to the celloidin at the 
bottom, the upper layers are pipetted off, and the objects can be 
poured into a waxed glass ring set on a slide, and oriented or closed 
together as desirable. The slide is exposed to chloroform vapour. 
Wilson then imbeds in wax through cedarwood oil. 

202. Ruyter’s Fluid for Mounting Celloidin-Paraffin Sections. 
The ordinary albumen water often does not work with double 
imbedded sections, and the following fluid gives improved results. 
Acetone 2 c.c., aq. dest. 8 c.c., methyl benzoate 1 drop, glycerine 
egg albumen 2-3 drops. 

When the sections have been dried overnight on the warm 
place, remove wax in xylol, bring into absolute alcohol and then 
into 90 per cent., both with a drop or two of chloroform in the jar. 
Stain, upgrade through the same jars and mount in balsam. 
If strong alcohol has no chloroform in it, thin celloidin sections 
speedily have their celloidin dissolved, which may not be desirable 
if the sections contain many isolated sections such as arthropod 
legs, which have to be held together. 

G. R. Robinson (J. R. M. S., lix, 1939) notes that if the chloroform 
is damp the block will not imbed properly. He proceeds as follows. 
Put the hardened block into absolute alcohol only until it becomes 
transparent, transfer to xylol, then paraffin. Cut at a fast rate on a 
rotary microtome, floating the ribbons on water on slides previously 
smeared with Mayer’s albume Stretch on hot plate, drain off surplus 
water, transfer for some hours to glass vessel containing cotton 
wool soaked in ether and a little dish of calcium chloride. This flattens 
the sections and dries them at the same time. If necessary run a 
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photograpliic squeegee roller over the slide. These sections will with- 
stand watery reagents for several days without detaching. 

203. Peterfi’s Collodion Impregnation Method {Zeit wiss, 
Mik,, xxxviii, 1921). This is strictly speaking not a collodion im- 
bedding method, but the tissues are impregnated with a dilute 
solution of collodion which holds the parts together. It is useful 
ill such materials as the vertebrate eye or the organ of Corti, 
where separation of membranes may take place in paraffin im- 
bedded material. The tissues are brought up to absolute alcohol, 
and then placed in a 1 per cent, solution of collodion in methyl 
benzoate and left overnight (for small pieces). The solution is 
replaced by fresh methyl benzoate collodion for twenty-four hours, 
and left in a third change till transparent (if large pieces). Small 
pieces clear in the first or second change. The tissue is now trans- 
ferred to benzol which leaves the collodion in the tissue. The 
benzol should be changed twice for small pieces, three times over 
a period of one or two days for larger pieces. Chip in paraffin 
wax, and imbed in pure paraffin in the ordinary way. If it is 
not desired to dehydrate in absolute alcohol, the material can 
be transfeiTed from 95 or 96 per cent, alcohol to pure methyl 
benzoate until clear (see § 132). 


CHAPTER IX 
GELATINE MASSES 

Imbedding in gelatine and lead gum avoids exposure of the 
cells of the fixed tissue to the energetic solvent action of absolute 
alcohol and the usual paraffin wax solvent such as xylol or chloro- 
form, and thus the technique is of importance to those who cannot 
get a freezing microtome. The frozen or gum imbedding tech- 
niques are essential in work on fatty bodies of any sort. 

204. Gelatine Imbedding, The modus operandi is, on the whole, 
the same as for other fusion masses, with the difference that the 
objects are prepared by saturation with water instead of alcohol 
or a clearing agent. After the cooling of the mass it may some- 
times be cut at once, but it is generally necessary to harden it. 
This may be done by treatment for a few minutes with absolute 
alcohol (Kaiser), or for a few days with 90 per cent, alcohol 
(Klebs) or chromic acid (Klebs), or formaldehyde (Nicolas), or 
it may be frozen (Sollas). Of these methods, the chromic or 
formalin are indicated. 

The mass can be removed from the sections by means of warm 
water. 

Gelatine imbedding has been used by Nicolas {Bibliogr. Anat,, »3, 
1896, p. 274), Olt (loc. cit), and Gaskell {J. Path. Bad., 1912, p. 58) 
to improve the freezing technique, but these workers had trouble in 
the subsequent handling of the tissues. Zwemer (Anat. Bee., 57, 19B3, 
p. 41) has improved on the earlier methods and his technique is given 
below After fixing in formalin, or some other way, the tissue is washed 
and then placed in a 5 per cent, solution of gelatine in an incubator 
at about 37° C. for twenty-four hours. It is then placed in a 10 per 
cent, solution of gelatine at the same temperature for about twelve to 
sixteen hours. The tissue is now imbedded in a 10 per cent, solution 
of gelatine, in a dish of convenient size and placed in a refrigerator for 
a few hours until the gelatine hardens. Blocks of gelatine containing 
the tissue are cut out and dropped into a 10 per cent, solution of formol 
and left for several hours to make the gelatine insoluble in water. They 
can be left in this solution indefinitely. Before sectioning the blocks 
are rinsed in water and trimmed down close to the tissue. They are 
then frozen in dry CO 2 gas until the blocks are a uniform white, and then 
they are allowed to thaw until the knife will cut real slices. Section 
rapidly while conditions are favourable. Sections as thin as 5 micra 
have been obtained by this procedure. 

The sections may be transferred, with a camel-hair brush, to a dish 
of distilled water, if they are to be mounted immediately, or they can 
be kept indefinitely in a 10 per cent, solution of formol. Sections are 
transferred to a clean glass slide and after the water is removed a drop 
or two of 1 per cent, gelatine is run under the section. Now the slide is 
dried for five minutes at about 35® to 37° C. and then placed in a 10 
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per cent, solution of formol to fix the gelatine. After rinsing, the 
section is ready for staining as desired. Afterwards, a mounting 
medium called “ Glyclirogel ” is added to the section and the coverslip 
is put in place. After a few hours, the slip will be firmly fixed to the 
slide. Directions for making glychrogel are given in § 445. 

Other Glycerine Gelatine Methods, Klebs’ {Arch, mik, Anat., v, 1869, 
p. 165). A concentrated solution of isinglass mixed with half its 
volume of glycerine. 

Kaiseb’s {Bot Centralb,, i, 1880, p. 25). One part by weight of 
gelatine is left for about two hours in 6 parts by weight of water ; 7 parts 
of glycerine are added, and for every 100 grm. of the mixture 1 grra, of 
concentrated phenol. The whole is warmed for ten to fifteen minutes, 
stirring all the while, until the whole of the flakes produced by the 
carbolic acid have disappeared. 

Geklach’s {Unters. a, d. Anat. Inst, Erlangen, 1884 ; Journ. Roy, 
Mic. Soc,, 1885, p. 541). Take gelatine, 40 grm. ; saturated solution 
of arsenious acid, 200 c.c. ; glycerine, 120 c.c. Clarify with white 
of egg. The objects to be prepared for imbedding by a bath of one- 
third glycerine. 

Apathy (Mitth. Z. Stat. Neapel, xii, 1897, p. 718, and Zeit, wiss. 
Mik,, xxix, 1913, p. 472) soaked small objects first in glycerine and 
water (equal parts) and then for at least twenty-four hours at 40° C. in a 
solution of 1 part of gelatine in 3 of glycerine and 6 of water. They are 
then arranged in some of this in an imbedding box, and the whole is 
warmed (over calcium chloride) in a stove at 45° to 60° C. until the mass 
has evaporated down to one-half, losing 5 of its 6 volumes of water (as 
we understand — the description is not clear). Blocks are then cut out 
and hardened in absolute alcohol (suspended therein) for several days 
(one day per millimetre of thickness), cleared in terpineol (one day per 
millimetre), and cut with a knife wetted with the same. Said to give 
sections of 3 ju., without the least shrinkage, 

205, Brunotti’s Gold Gelatine Mass [Journ, de Botan., vi, 1802, 
p. 194). Twenty grm, gelatine dissolved with heat in 200 c.c. 
distilled water, and 30 to 40 c.c. of glacial acetic acid with 1 grm. 
corrosive sublimate added after filtering. Objects are prepared 
by soaking in some of the mass diluted with 2 to 3 volumes of 
water, then imbedded in the undiluted mass. The mass is then 
hardened in spirit, potassium bichromate, picric acid, or the 
like. No heat at all is required in this process. 

206. Nicolas’s Method (Bibliogr. Anat, Paris, 3 ann^e, 1896, 
p. 274). i Preparations are first soaked for one or two days in a 
8 to 4 per cent, aqueous solution of gelatine kept at 25'^ C., then 
for the same time in a 10 per cent, solution, and then for two or 
three days more in a 20 to 25 per cent, solution containing 8 to 
10 per cent, of glycerine and kept at 35® G. They are then 
imbedded in some of the same mass in paper trays, and as soon as 
the gelatine has set are thrown into a mixture of formol 1 part, 
water 7. After a few days therein the gelatine has become hard 
and insoluble, and may be cut or preserved for months in weak 
formol solution, or dilute alcohol or glycerine, or even in pure 
water. Sections must be very gradually passed through successive 
alcohols for dehydration, as they curl up very easily. They 
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however, flatten out at once on being brought from absolute 
alcohol in cresyiol, and may then be mounted in balsam. To 
mount in glycerine is of course easy. 

Burzvnski {Polu. Arch. Boil, Med, Wise,, i, 1901, p. 39) finds 
that alkaline formol hardens gelatine better than acid. 

Gaskell {Journ, Path, Pact, July, 1912, p. 58) soaked in pure 
gelatine, melted as usual for two to five hours at 37° C., and 
hardened the mass in vapour of formol, for three or more days. 
To cut, freeze. He mounted in glycerine jelly, to avoid 
dehydration and shrinkage. 

206. his. Lead-Gum Imbedding Method of J. Salkind (C. B, Soc, 
de Biol,, Ixxix, 1916, p. 16). The principle of the method is 
that an aqueous solution of gum treated by acetate of lead, when 
exposed to the action of ammonia, is transformed into a gel, 
sufficiently stiff to allow of thin sections being cut. 

1. Dissolve a quantity of gum of cherry (white for preference) 
in double its weight of aq. dest. After filtration, add to the solution 
one-third its volume of the liquid subacetate of lead (extract of 
Saturne), to which has been added 5 per cent, of glacial acetic 
acid. This gives a kind of thin collodion-like solution, in which 
you place the pieces at room temperature, to be imbedded, after 
a fixation, for which see below. 

2. Leave about twelve hours for pieces about a millimetre in 
thickness : larger pieces must be left longer. After the correct 
period has elapsed, you let the lead-gum solution evaporate in the 
air till the solution reaches the consistency of a thick celloidin 
solution. 

3. Arrange the pieces to be imbedded in a paper box (or on a 
piece of paper), in a large drop of the thick solution. Expose to 
strong ammonia vapour for about five minutes till the block 
hardens to the consistency of cartilage. 

4. Trim the block, and fasten it on to the plate of a microtome 
by means of some of the thick lead-gum (hardened afterwards 
in ammonia vapour). Cut sections with an oblique knife, the 
block being moistened with a solution 1 per cent, sodium chloride 
in aq, dest The sections are placed in the same solution, in 
which they must not stay more than one hour. 

5. Sticking the sections to the slide is done by a modification 
of Olt’s method. Cover the slide with albumen, then with 
gelatine, arrange the sections, press down with a cloth, and 
harden in formol vapour. See also J. A. Murray, below. 

6. The lead-gum is then dissolved away in 5 per cent, acetic 
acid. After washing you stain and mount in any way desired. 

Neither gum arabic (acacia), plum, nor apricot give quite such 
good results as cherry gum. Salkind recommends two fixatives 
to precede this method of imbedding. 
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A* Formol, acetic acid, sub-acetate of lead, 1 part each. 

dest.^ 5 parts. 


B., Foriiioi 
Acetone 
Water 


10 c.c, 
30 „ 
40 „ 


Aq, 


Citric acid . . . . , . 5 to 10 grm. 

Saturated with Sudan III. 


After A, it is not necessary to wash out. After B, and the 
majority of such fixatives as bichromate especially, you must 
wash out in running water. 


J. A. Murbay {Report oj Imper. Cancer Research Fund, 1919) fixes 
cartilage in 10 per cent, fonnol-saline solution for at least twenty-four 
hours. After Salldnd’s lead-gum imbedding, cuts sections 10-15 fi 
thick with sliding microtome. Transfers sections for from ten minutes 
to one hour in 1 per cent. NaCl solution. Special slides prepared 
beforehand by coating in 1 per cent, gelatine and allowing to dry. 
See §.212, etc. 

The prepared slide is immersed in the salt solution (NaCl), sections 
arranged with a smooth-pointed glass rod, superfluous liquid drained 
off, and a whetted cigarette paper carefully lowered over the sections. 
Firm pressure with several layers of filter paper makes the sections 
adhere to the slide. Withdraw the cigarette paper and expose to formol 
vapour for a few minutes. Transfer to 10 per cent, formol five minutes, 
then treat in the 5 per cent, acetic to remove the lead-gum. Stain. 

207. Lebowich^s Soap- Wax Technique. C. E. Moritz {Stain Tech., 
14, 1939) has studied this technique. He states that its advantages 
are that dehydration and infiltration are accomplished simultaneously, 
and the alcohols are omitted. It ribbons well at 10 ju., and better at 
5 /z. The soap-wax is xxx saponified stearic acid 100 grm. 56° C. 
melting point paraffin 400 grm., diethylene glycol 7*5 grm. and mono- 
ethanolaminc 7-5 grm. Tissue for sectioning is placed in acetone one 
hour then put directly into the soap wax at 60° C. under reduced 
pressure. He uses a preserving jar fitted with a rubber stopper and 
an aspirator tube.' Embryos up to 1,000 ft do not need reduced pressure. 
Finally the tissue is put in another change of soap wax. This technique 
has the objecition that tissues are exposed to acetone, but the whole 
process of fixing staining and mounting sections can be done in six to 
eight hours. 


CHAPTER X 

SERIAL SECTION MOUNTING 

208. Choice of a Method. We recommend the following 
For general work with pafiraffin sections, the combined water and 
albumen method, § 209. For very delicate work, the water method. 
For collodion sections, the albumen method ; for large collodion 
sections, Graham Kerr’s seems the most convenient. 

Sections when cut are usually mounted on three by one inch glass 
slides. They can be mounted also on mica, cleaned photographic or 
X-ray collodion plates, or other durable transparent synthetic 
materials which do not dissolve or buckle in alcohol or xylol, etc, 

METHODS FOR PARAFFIN SECTIONS 

The Water or Desiccation Method. Gaule {Arch. Anat, Phys-., 
Phys. Abth., 1881, p. 156) ; Suchannek {Zeit. wiss. Mik., vii, 
1891, p. 464) ; Guiaand {Journ, Anat. and Phys,, xxvi, 1891, p. 56) ; 
ScHiEFFERDECKER (Zeit. wiss. Mik,, ix, 1892, p. 202) ; Heiden- 
HAiN (Kern, und Protoplasma, p. 114) ; Nusbaum (Anat, Anz,, 
xii, 2, 1896, p. 52) ; Mayer in the Grundzuge, Lee und Mayer, 
1898, p. 113 ; De Groot (Zeit. wiss. Mik., xV, 1898, p. 62), and 
others. The principle of this method is that the sections are 
made to adhere to the slide without the intervention of any 
cementing substance, being brought into intimate contact with 
the glass by being slowly drawn down by the evaporation of a 
layer of water on which they are floated. It is now practised, 
with unessential variations, as follows ; 

(a) For sections that are large and not numerous. The sections 
are flattened out on water by one or other of the processes described 
in § 209. The slide is then drained and put away to dry until 
every trace of water has completely evaporated away from under 
the sections. This drying may be performed at the temperature 
of the laboratory, in which case many hours will be necessary 
(to be safe it will generally be necessary to leave the sections 
overnight). Or it may be performed in a stove or on a water- 
bath at a temperature a few degrees below the melting-point of 
the paraffin (best not above 40° C.), in which case fixation wall be 
much more rapid, large thin sections being often sufficiently 
fixed in an hour, though thick ones will require half a dozen hours 
or more. The paraffin must not be allowed to melt before the sections 
are perfectly dry ; the sections are sure to become detached if it 
does. Perfectly dry sections have a certain brilliant transparent 
look that is easily recognisable. As soon as dry the paraffin may 
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be rcmovedj and they may be further treated as desired. To 
remove the paraffin all that is requisite is to put the slide in a 
tube of xylol or other good solvent, which in a few seconds, or 
minutes at most, removes the paraffin perfectly. Most workers 
first melt the paraffin, but Lee found this is not necessary. 

(b) For series of numerous small sections. Clean a slide per- 
fectly, so that water will spread on it without any tendency to 
run into drops (see below). Breathe on it, and with a brush 
draw on it a streak of water as wide as the sections and a little 
longer than the first row of sections that it is intended to mount. 
With a dry brush arrange the first row of sections (which may 
be either loose ones or a length of a ribbon) on this streak. Breathe 
on the slide again, draw on it another streak of water under the 
first one and arrange the next row of sections on it, and so on 
until the slide is full. Then breathe on the slide again, and 
with the brush add a drop of water at each end of each row of 
sections, so as to enable them to expand freely ; then warm the 
slide so as to flatten out tlfe sections, taking care not to melt the 
paraffin. Some persons do this by holding it over a small flame 
for a few seconds. Lee preferred to lay it on a slab of thick glass, 
warmed, watching the flattening of the sections through a lens 
if necessary. As soon as they are perfectly flat, draw off the 
excess of water from one corner of the mount with a dry brush, 
and put aside to dry as before (a). 

In ord^r to succeed in this method it is absolutely essential 
that the sections be perfectly expanded and come into close 
contact with the slide at all points. And to ensure this it is 
necessary that the slide should be perfectly free from grease^ so 
that the water may wet it equally everywhere. The test for this 
is, firstly, to breathe on the slide ; the moisture from the breath 
should condense on it evenly all over, and disappear evenly. 
Secondly, streaks of water drawn on it with a brush should not 
run. To obtain a slide that will fulfil these conditions, clean it 
well in the usual way, place a drop of water on it and rub it in 
thoroughly with a damp cloth and dry the tests. If this does not 
suffice, take a turn of a corner of the cloth round a finger and 
rub it with a piece of chalk, then damp the cloth and rub the 
slide with it, finishing up with a clean part of the cloth and clean 
water (De Geoot, loc, at, supra). If after performing this 
operation twice the slide still refuses to take the water thoroughly 
it should be rejected as incorrigible ; for there are apparently 
some sorts of glass that can never be got to wet properly. Mayer 
finds carbonate of magnesia or soda useful (see also § 1443). 

Gudernatsch {Zeit, wiss, Mik*, xxiv, 1908, p. 358) washes 
the slide well with potash soap, and arranges the sections on it 
whilst still wet. BtEnnY (iJid., 1906, p, 330) passes it two or 
three times over the flame of a Bunsen burner. 
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Tap water seems preferable to distilled water; it seems to spread 
better and to give a stronger adhesion. Nusbaum adds a trace of gum 
arabic (1 or 2 drops of mucilage to a glass of water) ; ApIthy 
(Microtechniki p. 126) adds 1 per cent, of Mayer’s albumen (§ 209) ; and 
Henneguy {Legons sur la Cellule, 1896, p. 62) takes a 1 : 5,000 solution 
of gelatine, with a trace of bichromate of potash, added Just before 
using, and dries the slides exposed to light. Similarly, Bxjrchardt 
(Jena Zeit, xxxiv, 1900, p. 719). 

Some workers have used alcohol (50 or 70 per cent.) instead of water ; 
but this we believe to be now generally abandoned. 

This is the most elegant method of any, as there is nothing 
on the slide except the sections that can stain, or appear as dirt 
in the mount. Tissues do not suffer from the drying, provided 
the material has been properly imbedded. Sections stick so 
fast by this method they they will stand watery or other fluids 
for weeks, so long as they are not alkaline. When successfully 
performed it is quite safe, provided that the sections are of a 
suitable nature. They must be such as to afford a sufficiently 
continuous surface, everywhere in contact with the slide. Sections 
of parenchymatous organs stick well; sections of thin-walled 
tubular organs stick badly. Sections of chitinous organs are very 
unsafe. The larger and thinner sections are, the better do they 
stick, and vice versd. Sections from chromic or osmic material 
adhere less well than sections from alcohol or sublimate material. 

By taking a staining solution instead of pure water for expanding, 
the sections can be got to stain at the same time, and so be brought into 
balsam without passing through alcohol ; see Mayer, Mitth, ZooL Stat, 
Neapel, xii, 1896, p. 320 ; Schmorl, PathMst Untersuchungsmethoden, 
1897, p. 38 ; Smith, Journ, Anat Phys., xxxiv, 1899, p. 151. 

209. Mayer’s Albumen (Mitth. ZooL Stat. Neapel, iv, 1883 ; 
Internat, Monatschr, f. Anat., iv, 1887, p. 42). White of egg, 
5 c.c. ; glycerine, 50 c.c. ; salicylate of soda, 1 grm. Shake 
them well together, and filter into a clean bottle. The filtering 
may take days or a week, but the preparation does not spoil 
meanwhile. 

Frakcotte shakes up the albumen with a few drops of acetic 
acid before adding the other ingredients, and finds the filtering 
greatly quickened. 

A very thin layer of the mixture is spread on a slide with a fine 
brush and well rubbed in with the finger (Lee preferred a small 
rubber “ squeegee”). The sections are laid on it and pressed 
down lightly with a brush (if they will bear it). The slide may 
then be warmed for some minutes on a water-bath, and the 
paraffin removed with a solvent. 

It is not necessary to warm the slide at all ; the paraffin can he 
removed in the cold if desired by putting the slide into toluol, 
xylol, or the like. But the slide must, in any case, he treated with 
alcohol after removal of the paraffin, in order to get rid of the 
glycerine, which wall cause cloudiness if not perfectly removed. 
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This method allows of the staining of sections on the slide 
with perfect safety, both with alcoholic and aqueous stains, 
provided they be not alkaline. 

According to Lee’s experience, the albumen method is absolutely 
safe, provided that alkaline fluids he avoided in the after-treatment. 
It has the defect that certain plasma stains (not chromatin stains) 
colour the albumen very strongly, and cannot be removed from 
it, and that sections are not expanded by it. 

It sometimes happens that the mixture after it has stood for 
some time becomes turbid, and at last coagulates, passing into 
a caseous state ; or it may undergo a hyaline coagulation, drying 
up like amber. But up to the very last it does not in general 
lose its adhesive properties. We have, however, found it to do 
so, after keeping for five or six years, so that, to be on the safe 
side, it may be well to make it up fresh every six months. 

Heidenhain {Zeit. wiss. Mik., xxii, 1905, p. 831) made it 
up with 1 grm. of blood albumen dissolved in 25 c.c. of water, 
and an equal volume of 50 per cent, alcohol. 

210. The Albumen and Water Method (Henneguy, Journ. de 
VAnat, et de la Physiol,, 1891, p. 398). A drop of water is spread 
on a slide painted with Mayer’s white-of-egg mixture, the sections 
are arranged on it, the whole is warmed (not to the melting-point 
of the paraffin) until the sections flatten out ; the water is then 
evaporated off at a temperature of about 40® C., and as soon as 
it has sufficiently disappeared, which at that temperature will be 
in about ten to fifteen minutes, the slide is further treated as 
described last §. 

This is a most valuable method. It is quicker than the water 
method, and, for difficult material, safer. 

Ruyter’s Fluid Mountant (§ 202). 

IVIann (Anat, Anz., viii, 1893, p. 442) shook up white of egg with 
water, coated slides with it and dried them. He flattened sections on 
water at 40° C., lifted them on a prepared slide, and dried for five 
minutes at 35° C. 

211. R. Spoerri’s Starch Paste (6'cimce,90,1939), 1 grm. of starch is 
thoroughly mixed with 10 c.c. of cold water, then 20 c.c. of boiling 
distilled water and stirred till opalescent and free from lumps. Add 
2 drops of HCl, boil again for three to five minutes. After cooling add 
crystal of thymol. Paraffin sections are placed on the slide, covered 
with the hydrolysed starch solution, and finally dried off in oven at 
45° C. Recommended for nerve tissue in silver staining. 

212. Thin Gelatine. Dimmer (Zeit wiss. Mik,, xvi, 1899, 
p. 44) coated the slides with a solution of about 16 parts of gelatine 
in 300 of warm water, and dried them (two days), and proceeded 
in other respects as above : a good method for large sections, 
equally applicable to paraffin sections, to celloidin sections, and 
to sections of material that has not been imbedded at all. 
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METHODS FOR WATERY SECTIONS 

213 . Fol’s Gelatine (Fol, p. 132). Four grammes of 

gelatine are dissolved in 20 c.c. of glacial acetic acid by heating 
on a water-bath and agitation. To 5 c.c. of the solution add 
TO c.c. of 70 per cent, alcohol and 1 to 2 c.c. of 5 per cent, aqueous 
solution of chrome-alum. Pour the mixture on to the slide and 
allow it to dry. In a few hours the gelatine passes into the insoluble 
state. It retains, however, the property of swelling and becoming 
somewhat sticky in presence of water. The slide may then be 
immersed in water containing the sections ; these can be slid 
into their places, and the whole lifted out ; the sections will be 
found to be fixed. 

This method is specially intended for sections floating in water, 
large celloidin sections amongst others. 

METHODS FOR CELLOIDIN SECTIONS 

214. The Albumen Method. Lee found that celloidin sections 
may be mounted on Mayer’s albumen, and have the celloidin 
removed, if desired, by putting them into ether-alcohol. Care 
must be taken to press them down very thoroughly on to the 
albumen ; and it is well not to have them too wet. 

Similarly, Jordan {Zeit. wiss, Mik,^ xv, 1898, p. 54), and 
Argutinsky (ibid., xvii, 1900, p. 37). See also Jordan, ibid., 
192-194 ; Dantschakoff, ibid., xxv, 1908, p. 35 ; Maximow, 
ibid., xxvi, 1909, p. 184 ; Anitschkow, ibid., xxvii, 1910, p. 68 ; 
Weber, ibid., xxix, 1912, p. 186 ; Rubaschkin, Anat. Anz., 
xxxi, 1907, p. 30. Weber painted over the series on the albumen 
with a layer of thin collodion, and put into alcohol of 50 per 
cent., then into a mixture of equal parts of chloroform and 
absolute alcohol. After staining, pure absolute alcohol must be 
avoided. 

Gage (Froc. Amer. Soc. Mic., 1892, p. 82) advised that the slide 
be one that has been previously coated with a 0*5 per cent, solution 
of white of egg and dried ; the collodion adheres much more strongly 
to an albuminised surface. 

Auburtin (Anat. A^ 22 ;., xiii, 1897, p. 90) arranged on a clean slide, 
dehydrated the sections with blotting-paper and treatment with absolute 
alcohol, then drops on to them a mixture of alcohol and ether which 
dissolves out the celloidin from the sections, then allows the thin 
collodion thus formed to evaporate into a thin sheet on the slide. Then 
70 per cent, alcohol and other desired reagents. 

215. Apathy’s Oil of Bergamot Method (Mitth. Zool. Stat. 
Neapel, 1887, p. 742 ; Zeit. wiss. Mik., 1888, pp. 46 and 360, 
and vi, 1889, p. 167). Cut with a knife smeared with yellow 
vaseline and wetted with 95 per cent, alcohol* Float the sections, 
as cut, on bergamot oil (must be green, must mix perfectly with 
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90 per cent, alcohol, and must not smell of turpentine), or on 
carbolxylol (Mikrotechnik, p. 176). The sections flatte^i themselves 
out on the surface of the oil, and are then transferred to a slide 
which (Apathy, Mikrotechnik^ pp. 127 and 176) has been previously 
coilodionised and dried. 

If the sections are to be stained, the slide after removal of the 
bergamot oil, by a cigarette paper, is exposed for a few minutes 
to the vapour of a mixture of ether and alcohol, then brought 
into 90 per cent, alcohol, and after a quarter of an hour therein 
may be stained in any fluid that contains 70 per cent, alcohol 
or more. 

If it be desired to stain in a watery fluid, care must have been 
taken when arranging the sections to let the celloidin of each 
section overlap that of its neighbours at the edges, so that the 
ether vapour may fuse them all into one continuous plate. This 
will become detached from the slide in watery fluids, and may 
then be treated as a single section. Terpinol may be taken 
instead of bergamot oil. 

216. Apathy’s Series-on-the-Knife Method {Zeit. wiss, Mik., 
vi, 1888, p. 168). The knife is well smeared with vaseline, rubbed 
evenly on, and is wetted with alcohol of 70 to 90 per cent. As 
fast as the sections are cut they are drawn with a needle or small 
brush to a dry part of the blade, and there arranged in rows, 
the celloidin of each section overlapping or at least touching that 
of its neighbours. When a series (or several series, if you like) 
has been thus completed, the sections are dried by laying blotting- 
paper on them, and the series is painted over with some of the 
thinnest celloidin solution used for imbedding, is allowed to 
evaporate for five minutes in the air, and the knife is then removed 
and brought for half an hour into 70 per cent, alcohol. This 
hardens the celloidin around the sections into a continuous 
lamella, which can be easily detached by means of a scalpel, and 
stained, or further treated as desired. 

217. Weigeet’s Collodion Method {Zeit wiss. Mik., 1885, 
p. 490). Slides, or larger plates of glass, are prepared by coating 
them with collodion in a thin layer, as photographers do, and 
allowing them to dry (they may be kept thus in stock). Sections 
(cut wet with alcohol) are got on to one of these (by a round- 
about process, not essential) and arranged in order, and gently 
pressed down with paper. 

Now remove with blotting-paper any excess of alcohol that 
may remain on or around the sections, pour collodion over them, 
and get it to spread in an even layer. As soon as this layer is 
dry at the surface you may write any necessary indications on it 
with a small brush charged with methylen blue (the colour will 
remain fast throughout all subsequent manipulations). 

The plate may now be either put away till wanted in 80 per 
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cent, alcohol, or may be brought into a staining fluid. The 
watery fluid causes the double sheet of collodion to become 
detached from the glass, holding the sections fast between its 
folds. It is then easy to stain, wash, dehydrate, and mount in 
the usual way, merely- taking care not to use alcohol of more 
than 90 to 96 per cent, for dehydration. Weigert recommends 
for clearing the mixture of xylol and phenol (3 : 1). 

The series should be cut into the desired lengths for mounting 
whilst in the alcohol. 

A good method for large and thick sections. 

Steasseb takes gummed paper instead of the glass plates used in this 
process. See the papers quoted § 214. 

See also Wintersteiner {Zeit wiss, Mik., x, 1893, p. 316) and Kubo 
{Arch. mik. Ixx, 1907, p. 173). 

218. Collodion Film Method. Graham Kerr {in litt, 1908) 
seriated on Kodak films. A film has the emulsion removed by 
hot water. The sections are arranged on a dry film, and the 
application of a drop of absolute alcohol and ether (or an atmo- 
sphere of alcohol and ether) suffices to weld them into a mass 
with the film. The sheet may then be stained and mounted or 
rolled up and stored in cedar oil. 

219. Mica Sheet Method. The late Dr. S. G. Scott used mica 
sheets, upon which he stuck paraffin sections. These could be 
distributed to a class of students by simply cutting out pieces of 
mica supporting the sections. 

220. Other Methods for Celloidin Sections. See § 195. 


CHAPTER XI 


PREPARATION OF SECTIONS BY FREEZING 
TECHNIQUE* 

221. The preparation of sections by freezing with CG 2 gas is 
now a positive and indispensable method used in laboratories 
where experimental work is carried out, and in pathological and 
surgical institutions where rapid diagnosis is necessary. This 
method has a number of important advantages, two of which are 
that the time ordinarily taken in imbedding in paraffin wax or 
other masses is saved, and that first contact of tissues with fixing 
fluids may be avoided. Serial sections cannot be prepared by 
this method, though with great experience something approaching 
this may be achieved. Tlie possibilities of the frozen section 
are not yet realised in zoological laboratories and the method 
should be of great use to cytologists. In microehemical technique 
the frozen sectioning microtome is almost indispensable. 

In the older models of this microtome, ether was used for 
freezing, and it was usual to soak the pieces for some hours in 
gum, dextrine or sugar solutions to prevent ice crystals forming. 
In the most modern technique, made possible by the use of CO 2 
jets on the microtome knife, the sections are stuck upon the slide 
by means of their own fluid, and no water is used until after 
the sections have been fixed in osmic or formalin vapour. 

It is believed by some workers that frozen sections are not fit 
for the best cytological study. This is wrong, for sections made 
by this method and stained by Hollande’s chloro-carmine method, 
for example, can be extremely delicate and beautiful. 

222. Freezing Microtomes. A number of firms make admirable 
microtomes, but, if possible, an instrument with a knife cooling attach- 
ment should be purchased. This is necessary for the best type of 
work. 

FROZEN SECTIONS 

223. Preparation of Material. Material may be cut fresh or 

after fixation. In the latter case any of the usual fixatives, 
such as Zenker, formalin 10 per cent., Bouin, etc., are suitable. 
For quick surgical diagnosis 40 per cent, formaldehyde is generally 
used, small pieces of tissue being put in the fluid until they are 
penetrated and sink. Tissues containing much fat wall not sink 
and should be left about half an hour. Osmic-fixed tissues get 
very brittle in the freezing technique. 

> By J.B.G. . 
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224. Soaking in Gnm. With the older ether freezing microtome it 
was routine to soak fixed pieces of tissue in a thick solution of gum 
aja] 3 i(>__this to prevent the formation of crystals, so it was said. The 
tissues were usually left overnight in the gum, after fixation in formalin. 
This practice is still used by many skilled histologists, and we recently 
have had to use gum, rather than gelatine, in cytological studies 
(Gatenby and Moussa, La Cellule, 1949 ). 

225. Cutting Sections. The piece to be cut should not ordinarily 
exceed 3X3 cm. One corner should lie towards the knife, and 
fibres should, if possible, be at right-angles to the edge of the 
knife. No water, saline, gum, syrup, etc., should be brought 
into contact with the tissue pieces. A little water will have to 
be put on the microtome table freezer in order to freeze the 
piece of tissue securely on to the table. The indicator for thick- 
ness of sections should be placed at 20 or thereabouts, when the 
beginner is practising — -it is difficult to cut thinner sections. 

According as to whether the sections are to be stuck on to 
slides with gelatine, etc., or “ dry ” by their own juices coagulated 
by some suitable vapour, the procedure is slightly different. 
The former method is probably the easier, and should be mastered 
first. In both cases, however, the temperature of the frozen piece 
is important and can only be judged by experience. Material like 
brain, liver, spleen, etc., should be about — 10° to — 15® C. ; 
fat, ligament, etc., ~ 20® to — 30® C. Turn on the cock on the 
cylinder of COg, open the lever below the freezer, and with several 
opening and shuttings of the pin valve of the freezer, the block 
becomes frozen. The knife, which has previously been brought 
into proper juxtaposition to the block, by raising or lowering the 
freezer table, is now passed over the tissue till sections begin to 
cut. Look at these sections — if they have fine cracks on them or 
are brittle, the block is too cold, if they are torn, the block is not 
cold enough. A piece of liver is excellent material for judging 
this degree of freezing, which can only be learnt after some 
practice. The proper degree of temperature is more easily 
judged with the microtome fitted with a knife freezing attachment. 
When cut, ordinary mammalian sections of fixed material may be 
removed from the knife with a brush or forceps and transferred 
to a dish of distilled water or 10 per cent, formol saline in which 
they may remain until stuck on slides as described below. Sections 
of such materials as mollusc ovotestis and mammalian testis 
tend to break up if floated out in a dish, and are best cut fresh, if 
possible, according to the method described in § 229. However, 
they can be cut and stuck on a slide if brought direct to the 
gelatine coated slide one at a time. 

226. The Gelatined Slides. These are prepared by smearing 
gelatine on the slide in the same manner as a blood film. About 
2 grm. of the best gelatine is broken up and dissolved in 100 c.c. 
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of water as follows : It is first left to soak in enough distilled 
water to cover it for about two or three hours and then the rest 
of the 100 c.c. of distilled water is added and heated to 50° or 60° C. 
Clean slides are coated with this fluid as for making blood smears. 
The slides are then tilted up against the back of the bench till 
they dry, the gelatine surface being inside so as to avoid dust. 
These slides will dry quickly in a warm place. The gelatine 
solution does not keep well and it is better to make a supply of 
slides just for the work in hand. When handling the slides the 
gelatine slide can be discovered by breathing on the slide, the 
moisture showing on the side without the gelatine. If the 
gelatine is staining visibly in the finished preparations, you are 
smearing the slides too thickly when preparing. 

227. Miller’s Method for Mounting Frozen Sections. E. G. 
Miller (J. jK. Micr. Soe,^ 1930), who is an expert in the frozen 
section technique, mounts as follows : a glass rod is drawn out 
and bent at an angle of 130 degrees, cut not less than an inch 
from the bend, and the cut end rounded off in the flame. A Petri 
dish is filled with distilled water and the best section from the 
other dish containing the sections is selected, and the short limb 
of the glass rod passed under the section to pick it up. A gelatined 
slide is now taken in the left hand, plunged into the Petri dish of 
distilled water, holding it just below and parallel to the surface. 
Holding the glass rod in the right hand, dip into the water and 
allow the section to float clear, gently raising the slide out of the 
water, catching the section in the middle of the slide. Tilt the 
slide gently, allowing the water to run off. Place the slide on the 
bench, pu,t a cigarette paper previously wetted on both sides 
over the section, and press down with a pad formed by folded 
filter paper, rubbing one way so as to press without shifting 
either paper. Remove the pad of filter paper, and gently peel 
off the cigarette paper. If the section is fatty or stocky, it may 
adhere to the cigarette paper. To remedy, wet paper with a 
few drops of pyridine in 50 per cent, alcohol. If not already 
fixed, place the section in a corked specimen tube or staining jar, 
at the bottom of which is a plug of cotton wool soaked in strong 
formalin. This jar should be placed on a warm plate, or be 
Warmed so that the formaldehyde gas comes ofl well. Leave 
some fifteen to thirty seconds to fix. Transfer to 10 per cent, 
formol saline. 

228. Staining Frozen Sections. Sections or smears which have 
just been fixed are difficult to stain. This can be remedied by 
immersing overnight in 90 per cent, alcohol, after which they will 
stain evenly. But this may not be desirable and it may be 
necessary to proceed straight away. The most beautiful method 
is undoubtedly Hollande’s chloro-carmine-iron alum. Some of 
Mr. E. G, Miller’s slides are very fine, showing both chromosomes 
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and mitochondria well. For sections which do not stain well, 
he recommends leaving overnight in formol-saline. If they do not 
stain properly, treatment with H 2 O 2 should then be tried. 
Slides should be left in one Volume of H 2 O 2 to nine volumes of 
70 to 90 per cent, alcohol for approximately thirty minutes. 

Miller {op, cit.) stains usually in Hollande’s chloro -carmine- 
iron alum as follows : Hollande one minute. Rinse 30 per cent, 
alcohol, then quickly through distilled water to 3*5 per cent, iron 
alum, till black. Control under microscope. Wash in distilled 
water, dip in 5 per cent, pyridine in distilled water. Wash in 
distilled water. Transfer to running tap water for at least ten 
minutes — then distilled water and upgrade and mount in balsam. 

R. D. Reid (J. Path, and Bact, 47, 1938) proceeds as follows for 
rapid examination of frozen sections with oil immersion objectives. 
Cut 12*5 ft, place in 4 per cent, formaldehyde in normal saline. After 
two minutes float a section on to a clean slide, blot and carefully dry 
off remaining water by gentle heat over a bunsen ; the section will 
now be firmly fixed to slide. Remove fat if necessary in xylol for 
ten seconds — downgrade to water, stain in haematoxylin and eosin, 
blue in tap water, upgrade to xylol and balsam. The sections need 
only half the usual time in haematoxylin. 

Mallory (p. 35, 1938) recommends for unfixed frozen sections, thirty 
seconds to one minute in 0*5 per cent, thionin in 20 per cent, alcohol. 
Wash under tap, mount in tap water. Nuclei blue to purple, collagen 
red, elastin, light green. Also toluidin blue in water or 20 per cent, 
alcohol. 

229. For Cytological or Histological work of the best type, the 
knife cooling attachment should be used. When the section is 
two-thirds cut, place a dry, clean coverslip, held in a pair of 
forceps, just where the section is curling up, and it will adhere 
to the coverslip. By gently pulling knife and section on the cover- 
slip towards you the whole section will thaw on to the surface of 
the coverslip. The section may now be fixed immediately in 

» osmic or formalin vapour, and then be placed in the fixing fluid 
desired. With gentle treatment such sections stick well to the 
coVerslips (or slides, if these be preferred) until finally stained and 
mounted. It may be necessary to spread out the section on the 
frozen knife with a dry camel-hair brush, before making it 
adhere to a coverslip or slide, and finally finishing the sweep of the 
knife. It is difficult to describe this process, but it is fairly easy 
to master the trick of getting the sections on to the glass after 
some practice. It should be remembered that sections must be 
rolled out on the frozen knife and not on the slide, in those cases 
where they curl badly. 

It may be mentioned that the development of this method is 
due to Messrs. Leitz. It is a definite advance in microtomy. 

230. Gelatine Imbedding for Freezing Technique, refer to § 204, 
which gives the recent method of Zwemer* 
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231. Glychrogel Mounting Solution of Zwemer for Frozen 
Sections, refer to § '445. 

232. Terpineol for Clearing Thin Frozen Sections. Terpineol is 
a substitute for clearing and dehydrating sections which it is not 
desired to pass through alcohol. Blot away as much water as 
possible from the sections, transfer to terpineol, agitate and pass 
to fresh terpineol, transfer to xylol, mount in balsam. Terpineol 
is harmless to most stains except neutral red (vox Volkmann, 
Zeit, wiss, mik, AnaL^ 49 , 1933 ). 


CHAPTER XII 
STAINING : CARMINE 


233. The Theory of Staining with Dyes. The dyeing of selected 
protein fibres with, say, a single dye, as used in the textile industry 
would appear to offer the opportunity of a simple explanation, 
than the multiple dyeing of such a complex system as a section 
of a fixed tissue. Horsfall and Lawrie {“ The Dyeing of Textile 
Fibres,” Chapman and Hall, 1946), give the following explanation 
of the case of dyeing protein fibres. The proteins contain free 
amino and carboxyl groups and behave like amphoteric colloids. 
At the isoelectric point which is near neutrality, the fibres contain 
an equal number of positively charged quaternary ammonium 
groups and negative carboxyl groups. When placed in an acid 
solution, hydrogen ions rapidly diffuse into the fibre, entering 
even into the unswollen crystalline portions because of their 
small size, and neutralise the charge on the carboxyl groups. 
Thus the fibre is left with a positive charge and attracts any 
anions, such as sulphate or dyestuff anions, which are present in 
the solution. These diffuse into the fibre through the inter- 
micellar pores, and approach as closely as possible to the ionised 
amino groups of the protein. In the main amorphous portion 
of the fibres the anions can approach closely to the quarternary 
ammonium groups and chemically the process is equivalent to 
the formation of a salt between the dye acid and the basic groups 
of the protein. Because of their size, however, the dyestuff 
anions are unable to penetrate the crystalline portions of the 
fibre, and collect on the surface of the micelles in numbers cor- 
responding to the number of ionised amino groups inside the 
micelle. When a protein fibre dyed with acid colours is placed 
in an alkaline solution^ as in washing, the ionisation of the amino 
groups is repressed, and that of the carboxyl groups increased. 
Hence the forces which were so important in dyeing are reversed 
and tend to force the dyestuff from the fibre. Horsfall and Lawrie 
further state that many questions which aroused much contro- 
versy at one time are now considered to arise merely from a 
difference of nomenclature, as for example, whether a dyestuff 
is attached to a fibre by absorption, electrical attraction or chemical 
combination. The details are very fluid and may be filled in 
with a physical or chemical bias according to taste, but the funda- 
mental basis of dyeing theories are fairly well established. 

For a long discussion on the theoretical side of this subject refer to 
Chapter XIII of the Tenth Edition of thts book, or to “ Biological 
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Stains, A Handbook on the Nature and Uses of the Dyes Employed 
in the Biological Laboratory,” by Dr. H. J. Conn, the second named 
with the collaboration of various other distinguished authorities. See 
also E. H. Newcomer (Proc. Penn. Acad. Sc., 12, 1938). He discusses 
the mechanism of staining, reviews the literature with special reference 
to cataphoresis and diffusion. 

It is proper to remind the laboratory w^'orker of the remark 
made by the late William M. Bayliss in the 8th Edition of 
the Vade-mecum p, 134 ; The main object of staining is to demon- 
strate the structures present in the cell. The fact, however, that 
this appearance is not necessarily that of the living state should 
never be allowed to escape remembrance. Without special investi- 
gation of the case, it is not permissible to draw conclusions as to the 
chemical nature of a cell constituent from its behaviour to dyes. 

234. Regressive and Progressive Staining. If a section is placed 
in diluted Delafield or Harris, the nuclei and certain other parts 
of the tissue begin to stain first, other parts take the dye later in 
a progressive manner. Many stains can be used in this manner, 
the process being stopped when the correct degree of staining has 
been reached. Another way is to overstain the section, and then 
to extract the dye with a differentiating solution : this is known 
as regressive staining. Generally speaking, the nuclear dyes are 
used regressively, the plasma or counterstains, progressively. 

CARMINE AND COCHINEAL STAINS 

235. Carmine. This dye is obtained from the ground-up bodies 
of the cochineal insect and since the latter varies greatly in the 
quality of the product yielded, and different methods are used to 
extract it, the powdered carmine obtained in commerce is extremely 
variable. For ordinary histological staining this variability may 
be of little importance, but for techniques requiring a high degree 
of specificity, such as aceto-carmine, the use of a first-class product 
is essential for satisfactory results. 

Carmine is by no means merely carminic acid with at most 
certain impurities. According to the analysis of Liebermann 
{Ber. d. Chem. Ges., Jahrg. 18, 1886, pp. lOeO-lOTfi) it is a Very 
peculiar alumina-protein compound of carminic acid, a true chemical 
compound from which at all events aluminium and calcium can 
no more be absent than sodium from salt. It results from the 
researches of Mayer {Mitth. Zool. Stat. Neapel, x, 1892, p. 480) 
that in the processes of histological staining {not of industrial 
dyeing) the active factors of the compound are, besides the 
carminic acid, always alumma, and in some cases the lime. 
The other bases are inactwe ; the nitrogenous matters, so far as 
they have any influence at all, are an obstacle, as it is they that 
give rise to the well-known putrefaction of the solutions. 

This being so, it follows that carminic acid may, if desired, he 
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taken as the basis of staining solutions instead of carmine. Staining 
solutions thus prepared do not give essentially better stains than 
those made with carmine ; but have the advantage of being of 
more constant composition. 

Carminic acid is soluble in water and weak alcohol (that of 70 
per cent, only dissolves less than 8 per cent.). It cannot be used 
alone for staining, as it only gives in this way a weak and diffuse 
stain. 

236. Cochineal. According to Mayer (Mitth. Zook Stat 
Neapel, x, 1892, p. 496), the active principle of extract or tincture 
of cochineal (as used in histology) is not free from carminic acid 
chemically combined with a base which is not lime, but some 
alkali. The watery extract made with alum, or cochineal alum- 
carmine (§ 238) owes its staining power to the formation of car- 
minate of alumina (last §). The tincture made with pure alcohol, 
on the other hand, contains only the above-mentioned carminate 
of some alkali. This carminate alone stains weakly and diffusely 
(like carminic acid alone). But if in the tissues treated with it, it 
meets with lime salts, alumina or magnesia salts, or even metallic 
salts capable of combining with it and forming insoluble coloured 
precipitates in the tissues, then a strong and selective stain may 
result. And if the necessary salts be added to the tincture itself 
there results a solution containing the necessary elements for 
affording a strong and selective stain with all classes of objects. 
Hence Mayer’s later formula, § 270. 

237. General Remarks. Carmine stains are widely used, at the 
present time, for three general purposes. Because of the great per- 
manence of this dye in balsam, embryologists use it for staining sections 
of valuable embryos. As a stain for whole objects, carmine is about 
the most satisfactory dye because it does not overstain very readily 
and the excess is easily removed, Aceto-carmine is very widely employed 
by cytologists for studying, in fresh tissue, the chromosomes of both 
animals and plants. 

Grenacher’s alcoholic borax-carmine may be recommended to the 
beginner as being the easiest of these stains to work with : or para- 
carmine, for objects which require a strong alcoholic solution. Carma- 
lum, or one of the alum-carmines, is also an easy and safe reagent. 

Overstains may in all cases be washed out with weak HCl (e.g, 
0*1 per cent.). Alum-solution will often suffice, or, according to 
Henneguy (Jowm. de VAnat et de la Physiol., xxvii, 1891, p. 400), 
permanganate of potash. The alum-carmines are fairly permanent in 
glycerine. None of the acid stains, nor any of Grenacher’s fluids, should 
be used with calcareous structures that it is wished to preserve, unless 
they be taken in a state of extreme dilution. 

A. AQUEOUS CARMINE STAINS 
a. Acid 

238. Alum-carmine (Grenacheb, Arch. mik. Anat., xvi, 1879, p. 
465). An aqueous solution (of 1 to 5 per cent, strength) of common 
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or ammonia alum is boiled for ten to twenty minutes with | to 1 
per cent, of powdered carmine. (It is perhaps the safer plan 
to take the alum solution highly concentrated in the first instance, 
and after boiling the carmine in it dilute to the desired strength.) 
Wlien cold, filter. 

Alum-carmine is on excellent stain. It is particularly to be 
recommended to the beginner, as it is easy to work with ; it is 
hardly possible to overstain with it. Its chief defect is that it is 
not very penetrating, and therefore unsuitable for staining objects 
of considerable size in bulk. 

This stain must be avoided in the case of calcareous structures that 
it is wished to preserve. 

Mayer {Md,, xiv, 1897, p. 29) makes a stronger stain by taking 
2 grm. carmine, 5 grm. alum, and 100 c.c. water, and boiling for an 
hour. 

239. Acetic Acid Alum- Carmine (Henneguy, in TraitS des M4th, 
Techn,, Lee et Henneguy, 1887, p. 88). Excess of carmine is boiled 
in saturated solution of potash alum. After cooling add 10 per cent, 
of glacial acetic acid, and leave to settle for some days, then filter. 

For staining, enough of the solution is added to distilled water to give 
it a deep rose tint. In order to ensure rapid diffusion it is well to bring 
the tissues into the stain direct from 90 per cent, alcohol. Stain for 
twenty-four to forty-eight hours, and wash for an hour or two in 
distilled water. Mount in balsam. You can mount in glycerine, but 
the preparations do not keep so well. 

The advantage of this carmine is that it has much greater power of 
penetration than the non-acidified alum-carmine. 

240. Cochineal Alum-Carmine (Partsch, Arch. mik. AnaL, xiv, 1877, 
p. 180). Powdered cochineal is boiled for some time in a 5 per cent, 
solution of alum, the doctrine filtered, and a little salicylic acid added 
to preserve it from mould. 

Another method of preparation has been given by Czokor (thid., 
xviii, 1880, p. 418). Mayer finds that Partsch’s is the more rational, 
the proportion of alum in it being exactly right, w^hilst in Czokor ’s it 
is insufficient. Partsch’s fluid also keeps better. 

Rabl (Zeit. wiss, Mik., xi, 2, 1894, p. 168) takes 25 grm. each of 
cochineal and alum, 800 c.c. of water, and boils down to 600 c.c. He 
prefers this because it is not so purely nuclear a stain as the others. 

These solutions give a stain that is practically identical with that 
of alum-carmine made from carmine, with perhaps even more delicate 
differentiations. 

Rawitz (Zeit wiss. Mik., xxv, 1909, p. 892) takes cochineal 4 grm., 
nitrate of aluminium (or ammonio-sulphate of cobalt) 4 grm., water 
100 c.c. and glycerine 100 c.c. Only for sections. 

241. Mayer’s Carmalum (Mitth. ZooL Stai. Neapel, x, 1892, 
p. 489), Carminic acid, 1 grm, ; alum, 10 grm. ; distilled water, 
200 c.c. Dissolve with heat (if necessary). Decant or filter. 
Add some antiseptic, either 1 c.c. formol, or 0*1 per cent, salicylic 
acid, or 0*5 per cent, salicylate of soda. The solution will then 
keep. It stains well in bulk, eVen osmium objects. If washed 
out with distilled water only, the plasma will remain somewhat 
stained. If this be not desired, wash out carefully with alum 
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solution, or, in difficult cases with weak acid, followed in either 
case with water. The general effect is that of an alum-carmine 
stain. 

A weaker solution may be made by taking from three to five 
times as much alum and five times as much water, and dissolving 
in the cold. 

With either solution the objects to be stained should not have an 
alkaline reaction, 

242. Rawitz’s Carmaium {Anat. Anz., xv, 1899, p. 438). 
Ammonium alum, 20 grm. ; distilled water, 150 c.c. ; glycerine, 
150 c.c. ; carminic acid, 2 grm. The ammonium alum should first 
be dissolved in the distilled w^ater, then the carminic acid added, 
and the mixture heated to assist in dissolving. After cooling the 
glycerine is added, and the mixture filtered. Recommended by 
Ludford for counterstaining trypan blue material (see § 621). 
Keeps well, only for sections. 

All solutions prepared with alum tend to precipitate. Carmaium 
made up with 500 c.c. of water instead of 200, and -with glycerine or 10 
per cent, of formol or pyroligneous acid added, keeps well. 

243. Mayer’s Aqueous Aluminium- Chloride Solution (Mitth, ZooL 
Stat, Neapel^ x, 1902, p. 490). Carminic acid, 1 grm. ; chloride of 
aluminium, 3 grm. ; water, 200 c.c. Add an antiseptic, as for car- 
maium. 

Use as carmaium. The stain is of a blue-violet colour, very powerful 
and elective, but not so purely nuclear as carmaium. It is recom- 
mended only as a substitute for carmaium in cases in which the latter is 
counter-indicated on account of the alum in it or the like. 

244. Alum- Carmine and Picric Acid. Alum-carmine objects may be 
double-stained with picric acid. Legal {Morph. Jahrb., viii, p. 353) 
combines the two stains by mixing 10 vols. of alum-carmine with 1 of 
saturated picric acid solution. I find this very commendable. 

245. Aceto-Carmine"^ (Acetic Acid Carmine) Schneider {Zool. 
Anz., 1880, p. 254). To boiling acetic acid of 45 per cent, strength 
add carmine until no more will dissolve. Cool and filter. With 
some batches of carmine it is much better to simmer an excess of 
carmine in 45 per cent, acetic acid, preferably under a reflux 
condenser, for an hour or two, and after cooling filter. (According 
to Schneider, the largest proportion of carmine is dissolved in 
acetic acid of 45 per cent, strength. Usually less than | grm. of 
carmine will dissolve in 100 c.c. of 45 per cent, acetic acid.) 

246. Belling 's Iron Aceto-Carmine. Belling found that the 
addition of a trace of iron to Schneider’s aceto-carmine makes the 
chromosomes, in fresh tissue, stain more deeply {Amer. Nat., 
voL 55, 1921, p. 573). If the tissue requires teasing in order to 
separate the elements, this is done on a glass slide in a few drops 
of aceto-carmine with steel needles and usually enough iron will 
be dissolved to serve as a mordant. Or a few drops of ferric 

* Refer to Chai^ter on ‘^ Chromosomes”. 
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liydrate, dissolved in 50 per cent, acetic acid, is added to ordinary 
aeetO“Ca.rmiiie until it becomes a bluish-red, but without a visible 
precipitate. Then add an equal part of untreated stain. 

The amount of iron needed to give the optimum effect varies 
with the tissue used and the sample of carmine employed to make 
aceto-carmine in the first place. Too much iron will completely 
spoil the stain so it is well to go slowly, adding minute traces of iron 
each time until a satisfactory stain is obtained for the particular 
material in hand. 

Aceto-carmine, either with or without iron, may be used in a 
1 per cent, strength as a slow stain, but, for studying chromosomes 
in fresh tissue, full strength is required. The procedure varies in 
details but, in general, the method of application is as follows : 
Fresh material is placed on a glass slide and aceto-carmine is 
added. If teasing is required, this is now done. A thin cover- 
slip is then placed over the material which is allowed to stain 
from a few minutes up to half an hour or more, depending on the 
sample of stain and the tissue. The excess stain is drawn off with 
filter paper and the tissue is crushed so that the cells will not be 
more than a few layers thick. All excess stain is now blotted off, 
and the edge of the coverslip may be sealed with vaseline, melted 
paraffin or even thick damar. If only a temporary mount is wanted 
the sealing may be omitted, since a well-made aceto-carmine slide 
will keep well for a few hours without sealing. 

Aceto-carmine has proved to be an exceedingly valuable 
cytological reagent for a study of chromosomes in fresh tissues. 
It fixes and stains the chromosomes at the same time, so that they 
may be studied at once without recourse to the ordinary methods 
of preservation and sectioning. For making chromosome counts 
and for a study of the morphology of the metaphase chromosomes 
either in mitosis or meiosis, it is excellent. Recently, several 
different methods have been devised for making permanent 
mounts of aceto-carmine preparations. While in the writer’s 
experience these are not quite as brilliant as fresh slides, they are 
entirely satisfactory for ail but the most detailed type of 
observation. 

Too much emphasis cannot be placed upon the fact that the 
successful use of aceto-carmine depends upon having the proper 
grade of powdered carmine to begin with. Unfortunately, there 
is no method by which we can test the carmine except its use. 
If the reader experiences unsatisfactory results he is advised to 
try other samples of carmine. 

The study of aceto-carmine mounts is facilitated if the observer 
will use a blue-green filter for artificial light. For the 6-volt 
research lamp in common use in America, the Zeiss B-G No. 7 filter 
will be found excellent when used with a frosted glass screen. 

247. Methods for Making Permanent Aceto-Carmine Slides. 
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McClintock (Sta/yn Technology^ iv, 1929, p. 53) first preserves 
plant material in acetic-alcohol. The contents of anthers are 
squeezed out on a slide in a few drops of Belling’s aceto -carmine 
and covered. The slide is heated over an alcohol lamp for a 
second, repeating four or five times. Now place the slide in a 
Petri dish containing 10 per cent, acetic acid, until the coverglass 
will come free. Then pass the slide and the coverglass separately 
through the following solutions : 1 part glacial acetic acid and 3 
parts absolute alcohol ; then 1 part of acetic and 9 of absolute 
alcohol ; and then absolute alcohol. From this it is passed through 
xylol and the slide and cover are reunited in damar or balsam. 

Steere {Stain Technology, vi, 1931, p. 107) makes , spears 
of fresh anthers, stains these in steaming iron aceto-carmine for 
from one to ten minutes. The slides are now passed rapidly 
through the following solutions : 1 part of glacial acetic acid and 
2 of absolute alcohol ; then 1 part of acetic to 9 of absolute 
alcohol. Dehydration is completed in pure absolute alcohol and 
the slide cleared in xylol and mounted. 

For animal tissue the same method which McClintock follows 
may be used. The coverglass is floated off fresh aceto-carmine 
preparations in 10 per cent, acetic acid and carried through the 
steps of dehydration and mounting she uses for plant tissue. 

Buck {Science, Ixxxi, 1935, p. 75) inverts an aceto-carmine 
slide (with supports) in a Petri dish containing equal parts of 
glacial acetic acid, absolute alcohol and xylol, until the cover- 
glass soaks off. Then the slide and coverglass are passed through 
two changes of equal parts of absolute alcohol and xylol and 
then placed in pure xylol, from which they may be reunited in 
damar or balsam. Buck points out that Merz and Gay found 
that clove oil could be substituted for xylol in the inital steps. 
See also the important paper on this technique by L. Smith 
{Stain Tech,, 22, 1947). 


248. Lee’s Iron Carmine. We recommend trial of the following, 
which Lee has already published in the Traiti des Meth. Techniques, 
Lee et Heiweguy, 1902. Sections are mordanted (a few hours will 
suffice) in sulphate of iron (Benda’s liquor ferri, as for iron hsematoxylin), 
washed, and stained for an hour or so in 0-5 per cent, solution of car- 
minic acid in alcohol of 50 per cent. Wash in alcohol of 50 per cent. ; 
no differentiation is necessary. When successful, there results an 
almost pure chromatin stain, quite as sharp as iron hmmatoxylin, but 
somewhat weak. 

249. Iron Carmine. Pfeiffer von Weleheim (ZetL xom. xv, 
1898, p. 123) mordants for six to twelve hours in a very weak solution 
of chloride of iron in 50 per cent, alcohol, washes in 50 per cent, alcohol, 
and stains as above. Overstains may be corrected with 0-1 to 0-5 per 
cent. HCl alcohol. Lee found this good, but not so good as the last. 

250. Iron Carmine (Zacharias, ZooL Anz,, 1894, p. 62). Stain for 
several hours in an aceto-carmine (made by boiling 1 grm. of carmine 
with 150 to 200 c.c. of acetic acid of 30 per cent., for twenty minutes, 
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and filtering). Rinse tlie objects with dilute acetic acid, and bring them 
(taking care not to touch them with metallic instruments) into a 1 per 
cent, solution of ammoniated citrate of iron. Leave them, for as much 
as two or three hours if need be, till thoroughly penetrated and 
blackened (with sections this happens in a few minutes). Wash for 
several hours in distilled water. A chromatin and plasma stain. 

251* Hollanders Chlorcarmine Staining Method (C. B. Soc. Biol, 
1916, Ixxix, p. 662, and Jour. Roy. Micr. Soc., 1920). Place 
5 c.c. pure hydrochloric acid in a porcelain dish ; add little by 
little 14 grm. powdered carmine, stirring constantly to make a 
homogeneous doughy mass. Allow to digest for twenty-four 
hours ; add 250 c.c. aq. dest., bring to the boil, and keep boiling 
for half an hour. Filter ; make up to 180 c.c. with aq. dest., 
and then add enough 75 per cent, alcohol to make a total volume 
of 200 c.c. Stain sections or pieces of tissue for two to twenty- 
four hours. Rinse in aq. dest. or 30 per cent, alcohol ; immerse 
in 3 per cent, iron alum solution, in which the sections become 
black, and are then slowly decolorised ; when differentiation is 
complete, rinse in a 1 per cent, pyridine solution, and wash under 
the tap for ten to fifteen minutes. Counterstain and mount as 
desired. This is a very intense stain suitable for mitochondria 
and cell granules, 

252. Iron Car malum (de Groot, Zeit. wiss. Mik., xx, 1903, p. 21). 
Dissolve 0*1 grm. of ferric alum in 20 c.c. distilled water and add 1 grm. 
carminic acid. Dissolve, add 180 c.c. of water, warm, add 5 grm. 
potash alum, dissolve, cool, filter, and add 2 drops of hydrochloric 
acid. To be used as carmalum, and said to give a stronger stain. 

253. Iron Cochineal (Spuler, Encyclopcedie d. mik. Technik, 1903, 
p. 153, and 1910, p. 240). Stain for forty-eight hours in an incubator in 
extract of cochineal (made in a highly complicated way), wash with 
water, put into solution of ferric alum of | per cent, strength for twenty- 
four hours or more. If the stain is not sufficiently intense, the whole 
process may be repeated. 

254. Peter (Zeit. wiss. Mik., xxi, 1904, p. 314) stains material in bulk 
for forty-eight hours (sections eighteen to twenty-four) in an incubator, 
in a similar extract, acidified with HCl, treats with iron-alum of 2| per 
cent, for one hour to one day (sections half to two minutes), then 
alcohol, xylol, paraffin, or balsam. Chromatin black, protoplasm grey, 
yolk granules red, 

Hansen (ibid., xxii, 1905, p. 85) stains sections or entire objects in a 
solution of 5 to 10 grm, cochineal, 8 grm. ferric alum, 250 c.c. water, 
and 25 c.c. sulphuric acid of 10 per cent,, boiled for fifteen to twenty 
minutes. 

j8. So-called “ Neutral and Alkaline 

255. Ammonia-Carmine. Best made by the method of Ranvier. 
Make a simple solution of carmine in water with a slight excess of 
ammonia, and expose it to the air in a deep crystallising dish until it is 
entirely dried up. It should be allowed to putrefy if possible. Dissolve 
the dry deposit in pure water, and filter. 

Van Wijhe (Vers. Akad., Amsterdam, viii, Deel, p. 507) takes an old 
strong solution of carmine in ammonia (or boils carmine with ammonia 
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and peroxide of hydrogen), then precipitates it by adding alcohol to 
excess, washes the precipitate with alcohol, and dries it. 

256. Soda-Carmine appears to be still used by some for central 
nervous system (see Cuccati, Zeit, wiss. Mik,, iv, 1887, p. 50). It 
could be obtained from Geubler & Hollborn (Natron-Carmin), 

257. Orth’s Lithium- Car mine (see early editions) macerates strongly, 
and is superfluous. For that of Best, see Zeit. wiss. Mik,, xxiii, 1906, 
p. 322. 

258. Magnesia-Carmine (Mayer, ZeiU wiss, Mik,, xiv, 1897, p. 23). 
Take 1 grm. carmine, 0-1 grm. magnesia usta (freshly burnt), and 50 c.c. 
distilled water, boil for five minutes, filter, and add 3 drops of formol. 
This is the stock solution. A weak solution may be made by boiling 0*1 
grm. carmine for half an hour in 50 c.c. of magnesia water (made by 
lea^dng OT grm. of magnesia usta in contact with 100 c.c. of spring water 
for a week with frequent agitation, and decanting w^hen required 
for use). Said to be less injurious to tissues than the other alkaline 
carmines. 

259. As to Picro-Carmine. The term “ picro-carmine ” is 
commonly used to denote a variety of solutions in which 
carmine, ammonia, and picric acid exist uncombined in hap- 
hazard proportions. These solutions do not contain a double 
salt of picric and carminic acid and ammonia, or picro-carminate 
of ammonia. They are always alkaline, and frequently injurious 
to tissues. The raison d'Stre of picro-carmine does not lie in its 
capacity of affording a double stain, but in that the picric acid in 
it is supposed to neutralise the ammonia, which it only does 
imperfectly. See Mayer in Zeit, wiss, Mik,, xiv, 1897, p. 18. 

260. Ranvier’s Picro-Carmine, Original Formula (Traite, p. 100). 
To a saturated solution of picric acid add carmine (dissolved in 
ammonia) to saturation. Evaporate down to one-fifth the original 
volume in a drying oven, and separate by filtration the precipitate that 
forms in the liquid when cool. Evaporate the mother liquid to dryness, 
and you will obtain the picro-carmine in the form of a crystalline 
powder of the colour of red ochre. It ought to dissolve completely in 
distilled water ; a 1 per cent, solution is best for use. 

For slow staining, dilute solutions may advantageously have 1 or 2 
per cent, of chloral hydrate added to them. 

Overstains may be washed out with hydrochloric acid, say 0*5 per 
cent, in water, alcohol, or glycerine. 

Preparations should be mounted in balsam, or if in glycerine, this 
should be acidulated with 1 per cent, of acetic acid, or better, formic 
acid. 

261. Ranvier’s Later Formula does not give a more constant product 
(see previous editions), 

262. Van Wijhe dissolves 0*5 per cent, of the dry ammonia-carmine, 
§ 255, in a 1 per cent, solution of neutral picrate of ammonia, boils until 
the vapour ceases to blue reddened litmus paper, and adds 1 per cent, 
of chloral hydrate. Gives an almost neutral preparation. 

263. Mayer’s Picro-Magnesia Carmine {Zeit. wiss. Mik., xiv, 1897, 
p. 25) is relatively constant and innocuous to tissues. It consists of 
1 voL of the stock solution of magnesia-carmine (§ 258), and 10 vols. of 
a 0‘6 per cent, solution of picrate of magnesia, or of equal parts of the 
weak solution and the picrate solution. The picrate may be obtained 
from Geubler & Hollborn, or the solution may be made by heating 
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0-25 grm. of carbonate of magnesia in 200 c.c. of 0-5 per cent, solution 
of picric acid, allowing to settle, and filtering. 

De Gboot’s picro-magnesia carmine {ibid,^ xxix, 1912, p. 184) con- 
tains ammonia, which is bad, and seems to us superfluous. 

264. Other Formulae for Picro-Carmine and Other Aqueous Carmines 
(Acid and Alkaline). Lee has tried most of them, and found no real 
advantage in any of them (see previous editions). 

B. ALCOHOLIC CARMINE STAINS 

265. Alcoholic Borax-Carmine (Grenacher, Arch. mik. Anat., 
xvi, 1879, pp. 466 et seq.). Make a concentrated solution of carmine 
in borax solution (2 to 8 per cent, carmine to 4 per cent, borax) 
by boiling for half an hour or more (or allowing it to stand, with 
occasional stirring, for two or three days) ; dilute it with about an 
equal volume of 70 per cent, alcohol, allow it to stand some time 
and filter. 

Preparations should remain in the stain until they are thoroughly 
penetrated (for days if necessary), and then be brought (without 
first washing out) into alcohol o/70 per cent, acidulated with 4 to 6 
drops of hydrochloric acid to each 100 c.c. of alcohol. They are 
left in this until they have taken on a bright transparent look 
(which may require days), and may then be washed or hardened 
in neutral alcohol. Four drops of HCl is generally enough. 
Three drops we find not quite sufficient.* 

For delicate objects, and for very impermeable objects, it 
may be well to increase the proportion of alcohol in the stain ; 
it may conveniently be raised to about 50 per cent. It should 
not exceed 60 per cent, in any case (Mayer). 

This stain used to be the most popular of any for staining in 
bulk. It is easy to use, and gives a most splended coloration. 
But it is not so penetrating as is commonly supposed, and has 
the defect of sometimes forming precipitates in the cavities of 
bulky objects whcih cannot be removed by washing out. And 
the fluid is alkaline, and therefore may not be suitable for certain 
delicate work. 

266. Lynch’s Precipitated Borax-Carmine Method. According to 
Lynch (Zeit. wiss. Mik., xlvi, 1929, p. 465) a much more selective and 
brilliant stain is obtained if, after staining overnight in Grenacher’s 
borax-carmine, tissue is treated in the following way : Add cautiously 
to the dish containing the tissue and the dye, drop by drop, concentrated 
hydrochloric acid until all the carmine is precipitated out as a brick-red 
flocculent mass. Allow the dish to stand six to eight hours or over- 
night. The tissue is now placed in a 3 per cent, solution of HCl in 
70 per cent, alcohol and destained until the cytoplasm is clear and the 
nuclei are pink in colour. This usually requires two or three hours. 
Wash out the acid with several changes of 80 per cent, alcohol, then 
dehydrate, clear and mount in the usual way. This method is suitable 

* Dr. J. B. Smyth has drawn our attention to the fact that heavily stained 
surfaces of whole mounts can be gingerly bleached in HgOa, so as to expose 
the middle parts. For example, flat worms. 
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for objects which are to be mounted in tolo, but it should not be used 
on delicate vesicular organisms as it will leave precipitates in their 
cavities. 

267. Mayer’s Paracarmine {Mitth, ZooL Stat. Neapel, x, 3, 
1892, p. 491). Carminic acid, 1 grm. ; chloride of aluminium, 
0*5 grm. ; chloride of calcium, 4 grm. ; 70 per cent, alcohol, 
100 c.c. Dissolve cold or warm, allow to settle, and filter. 

Objects to be stained should not have an alkaline reaction, nor 
contain any considerable amount of carbonate of lime (spicules 
or skeletal parts of corals, etc.) which would give rise to precipi- 
tates. Wash out sections or objects intended to be sectioned, 
with pure 70 per cent, alcohol. Objects intended to be mounted 
wdioie may be washed out with a weak solution of aluminium 
chloride in alcohol, or if this be not sufficient, with 5 per cent, 
common acetic acid (or 2*5 per cent, glacial acetic acid) in alcohol. 
This may also be done with section material, if it is desired to 
obtain a more purely nuclear stain. 

For staining bulky objects with large cavities, such as Salpa, 
the solution should be diluted (with alcohol) ; and as this may 
cause precipitates to form during the staining, especially if the 
objects are not very clean, it is advisable slightly to acidify the 
dilute solutions. 

Instead of calcium chloride, which is very hygroscopic, strontium 
chloride may be taken. 

Paracarmine is less hurtful to delicate tissues than borax 
carmine ; it is more highly alcoholic, therefore more penetrating ; 
and has less tendency to form precipitates in the interior of 
objects. But, in our hands, it does not give quite so fine a stain. 

268. Alcoholic Hydrochloric-Acid Carmine. Grenacher’s receipt 
{Arch, /. Mik, Aiiat,, xvi, 1879, p. 468) is troublesome. That of Mayer 
(Mitth, ZooL Stat. Neapel, iv, 1883, p. 521 ; Intern. Monatsschr.f. Anat., 
etc., 1897, p. 43) is better: Carmine 4 grm. ; water, 15 c.c. ; hydro- 
chloric acid, 30 drops. Boil till the carmine is dissolved, add 95 c.c. of 
85 per cent, alcohol, and neutralise by adding ammonia until the 
carmine begins to precipitate. 

If it be desired to dilute the solution, it should be done with alcohol, 
not water, and alcohol of 80 to 90 per cent, should be taken for washing 
out. 

A very j)owerfiil stain, which Lee has found useful. If it be desired to 
have a purely nuclear stain, the alcohol must be very slightly acidulated 
with HCl. 

For a complicated receipt of Loewenthal see Zeit. wiss. Mik., xix, 
1902, p. 56. 

269. Alcoholic Cochineal, Mayer’s Old Formula (Mitth. ZooL 
Stat Neapel, ii, 1881, p. 14). Cochineal in coarse powder is 
macerated for several days in alcohol of 70 per cent. For each 
gramme of the cochineal there is required 8 to 10 c.c. of the 
alcohol. Stir frequently. Filter. 
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The objects to be stained must previously be saturated with 
alcohol of 70 per cent., and alcohol of the same strength must 
be used for washing out or for diluting the staining solution. 
The washing out must be repeated with fresh alcohol until the 
latter takes up no more colour. Warm alcohol acts more rapidly 
than cold. Overstaining seldom happens ; it may be corrected 
by means of 70 per cent, alcohol, containing per cent, hydro- 
chloric or 1 per cent, acetic acid. 

Small objects and thin sections may be stained in a few minutes ; 
larger animals require hours or days. 

This is a nuclear stain, slightly tinting the protoplasm. The 
colour varies with the reaction of the tissues, and the presence or 
absence of certain salts in them. Crustacea with thick chitinous 
integuments are generally stained red, most other organisms blue. 
The stain is also often of different colours in different tissue 
elements of the same preparation. Glands or their secretion often 
stain grey-green. 

Acids lighten the stain and make it yellowish-red. Caustic 
alkalies turn it to a deep purple. 

All acids must be carefully washed out from the objects before 
staining, or a diffuse stain will result. The stain is permanent 
in oil of cloves and balsam. 

Very penetrating and especially useful for Arthropoda. 

It has over the later fluid (next §) the advantage of being more 
highly alcoholic ; and it does not contain free acid, so that it 
can be used with calcareous structures which it is wished to pre- 
serve — ^which the later fluid cannot. For specimens of Pluteus^ 
for instance, Lee found it excellent. But it only gives good 
results with such objects as contain the necessary salts, § 233. 

270. MayeB'S Alcoholic Cochineal, Later Formula ZooL Stat. 

Neapel x, 1892, p. 498). Cochineal, 5 grm. ; chloride of calcium, 
5 grm. ; chloride of aluminium, 0*5 grm. ; nitric acid of 1*20 sp. gr., 
8 drops ; 50 per cent, alcohol, 100 c.e. Powder the cochineal and rub 
up with the salts, add the alcohol and acid, heat to boiling-point, leave 
to cool, leave for some days standing with frequent agitation, filter. 

Use as the old tincture, the objects being prepared and washed out 
with 50 per cent, alcohol, Mayer only recommends it as n succedaneum 
of paracarmine. 

Since this fluid contains in itself all the necessary salts (§ 233), it gives 
good Tesnltfi vrith all classes of objects^ 

271. Gower’s Carmine for Trematodes {Stain TeeL^ 14, 1939). 
Prepare acidified carmine as follows : To 100 c.c. 45 per cent, 
acetic acid add 10 grm. carmine. Dissolve by heating and allow 
to come to boil, cool and filter. Residue on filter paper when 
dry is the acidified carmine. Staining solution is made up the 
same as Mayer’s Carmalum, substituting acidified carmine for 
carminic acid : acidified carmine, 1 grm. ; alum, 10 grm. ; dis- 
tilled water, 200 c.c. Mix and dissolve by heat and filter. Add a 
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crystal of thymol to prevent mould growth. It is purely a nuclear 
stain and consequently there is no diffuse stain in the cytoplasm, 
making the organs stand out in a practically transparent body. 
Procedure : — 

After fixation and washing, bring to water. Stain sixteen to 
thirty-six hours, depending on si 2 $e, Wash, two to three changes. 
Bring up to 70 per cent, through 20 , 35 , 50. Destain in Mayer’s 
chlorine water in 70 per cent. (Place a few crystals of KCIO 3 
in a small covered dish and add a few drops of cone. HCl, when 
chlorine is given off fi.il with 70 per cent, alcohol.) Dehydrate, 
clear in clove oil, and mount in balsam. This stain is recommended 
by Dr. J. D. Smyth. 



CHAPTER XIII 

H^MATEIN (HiEMATOXYLIN) STAINS 

272, Introduction. Hcematoxylin is a dye extracted from log- 
wood (Hsematoxyion campechianum). It is a substance that 
oxidises very readily, thus becoming converted into hcematein, or, 
as often happens, into other more highly oxidised products. It 
appears to be now thoroughly well established (see Nietzki, 
Chemie der organischen Furbstoffe, Berlin, Springer, 1889, pp. 215- 
217, and Mayer, Mittk. ZooL Stat Neapek x, 1891, p. 170) that 
the colouring agent in solutions of logwood or hsematoxylin is not 
the hsematoxyiin itself, but hsematein formed in them (or, in 
some cases, one of the higher oxidation products). 

Ifematein is an acid body, a “ colour acid.” See last edition. 
Substantively employed., it is a Very weak plasma stain. But 
combined with appropriate mordants it becomes basic, and can 
be made to give a powerful nuclear stain, or at the same time a 
nuclear and a selective plasma stain. The mordants employed in 
histology are aluminium, chromium, iron, copper, and (rarely) 
vanadium and molybdenum. Aluminium and iron salts are the 
mordants most employed, the former furnishing lakes used for pro- 
gressive staining of material in bulk, the latter forming in most 
cases in the tissues a lake that requires differentiation, and is 
only applicable to the staining of sections. 

The presence of a sufficient amount of hsematein in staining 
solutions was formerly brought about by allowing solutions of 
hsematoxylin to oxidate spontaneously by exposure to air. The 
change thus brought about in the solutions is known as “ ripen- 
ing,” and until it has taken place the solutions are not fit to use 
for staining. 

It was discovered by Mayer and Unna independently (see 
Mayer in Miith, ZooL Slat Neapel, x, 1891, pp. 170-186 ; Unna 
in Zeit. wiss, Mik,^ Viii, 1892, p. 4583) that nothing is easier than 
to bring about this change artificially ; all that is necessary being, 
for instance, to add to a solution of hsematoxylin containing alum 
a little neutralised solution of peroxide of hydrogen or other 
powerful oxidising agent. *** The solution becomes almost instan- 
taneously dark blue, ‘‘ ripe ” and fit for staining. Other methods 
of “ ripening ” or of preparing haematine separately, are given 
further on, and constitute a great progress (§§289, 292, 309, etc.). 

* Reintroduced {Zeit. miss. Mik.^ xxix, 1912, p. 69) by Piazza, who adds 
to Boehmers’s solution about 20 per cent., to Delafield’s about 7 per cent., to 
Phrlich*s about 12 per c^nf. pf peroxide of hydrogen. 

m ■ 
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For under the old practice of leaving staining solutions to ripen 
by the action of the air, it is necessary to wait for a long time 
before the reaction is obtained. During all this time, it may be 
weeks or months, there is no means, except repeated trial, of 
ascertaining whether the solution at any moment contains 
sufficient hsematein to afford a good stain. And here a second 
difficulty arises : the oxidising process continuing, the solutions 
become “ over-ripe ” ; the hsematein, through further oxidation, 
passes over into colourless compounds, and the solutions begin to 
precipitate. They are therefore, in reality, a mixture in con- 
stantly varying proportions of “ unripe,” “ ripe,” and ‘‘ over- 
ripe ” constituents (the first and last being useless for staining 
purposes), and, in consequence, their staining power is very 
inconstant. 

Logically, therefore, as concluded by Mayer, not hsematoxylin, 
but hcematein, should be taken in the first instance for making the 
staining solution. 

But this is not always indicated ; for such solutions may 
easily over-oxidise, either in the bottle or on contact with the 
tissues. So that it is always preferable to start from hsematoxylin. 
In this case, it should not be done by dissolving the hsematoxylin 
straight away in the other ingredients of the staining solution. 
The solutions should be made up from a strong stock solution 
made by dissolving hsematoxylin crystals in absolute alcohol : 
one in ten is a good proportion. This solution should be kept for 
a long time— months, at least, a year if possible; it gradually 
becomes of a vinous red, and should not be used till it has become 
quite dark. It has then become to a great extent oxidised into 
hsematein, and the staining solutions made up from it will be at 
once fairly ripe. 

Hsematein (or hsematoxylin) affords a stronger stain than 
carmine, and gives better results with tissues fixed in osmic or 
chromic mixtures. The alum solutions are indicated for staining 
in bulk, iron hsematoxylin for sections. 

273. AlkaMne Solutions for Washing Haematoxylin Stained 
Slides. This can usually be done under the city water tap, but 
sometimes the water is unsuitable and an alkaline solution must 
be used. You may add 0*2 to 0*5 per cent, sodium bicarbonate 
to a dish of water, or make up Scott’s tap water substitute: 
KHCO 3 2 grm., MgSO^ 20 grm., Aq. dest. 1,000 c.c., with a crystal 
of thymol to prevent growth of moulds, etc. This substitute is 
not suitable for washing out after fixations. Some workers use 
0*5 c.c. of ammonia in 200 c*c. aq. dest., a method we do not like. 
It is widely used for bluing Harris, and is certainly convenient. 

274. Haematoxylin is found in commerce in the form of crystals, 
either colourless or brownish, easily soluble in either water, 
glycerine or alcohol. The brownish crystals are to be preferred 
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since the unbleached dye keeps better in solutions. In America, 

' only the certified dye should be bought. Should difficulty be 

experienced in getting good selectivity with the American product, 
McClukg (S cmice, 5S, 1923, p. 515) recommends adding 3 drops 
of a saturated solution of lead acetate to 100 c.c, of a | per cent, 
solution of hsematoxylin and then shaking. After standing some 
hours, a black precipitate is formed. After filtration, a bright 
clear liquid remains which should stain satisfactorily. 

Hance {Scie7ice, 77, 1933, p. 287) recommends the addition of 
a little sodium bicarbonate to freshly prepared hsematoxylin 
solution, noting that the staining and keeping properties of the 
solution are greatly improved. 

275. Haematein is found in commerce as a brown powder, 
entirely, though with difficulty, soluble in distilled water and in 
alcohol, giving a yellowish-brown solution, which remains clear 
on addition of acetic acid. Alkalies dissolve it with a blue- 
violet tint. (See also previous editions.) 

276. Iron Haematoxylin, Generalities.* This method is due to 
Benda {Verh. Phys. Ges,, 1885-1886, Nos. 12, 13, 14; Arch. 
Anat, Phys., 1886, p. 562 ; third ed. of this work, p. 365). 

The method w^'as independently worked out about the same 
time by M. Heidenhain. The method is almost universally 
practised in the form given by Heidenhain, not on account of 
any essential difference between the two, for there is none, but 
chiefly because Heidenhain has given more precise instructions 
concerning the process. 

After carefully comparing Heidenhain’s process with Benda’s 
later process (next §), we find that the two give an absolutely 
identical stain ; that is to say, that if you mordant in Benda’s 
liquor ferri (next §), and differentiate in the same, you will get 
exactly the same effect as by mordanting in ferric alum and 
differentiating in the same. But you may Vary the results 
somewhat by varying the differentiation. Benda has pointed 
out {Verb. Anat. Ges.^ xv, 1901, p. 156) that you may differentiate 
either by an agent which simply dissolves the lake — such as 
acetic or hydrochloric acid ; or by an oxiding agent, such as 
chromic acid, or the liquor ferri or the ferric alum. The former, 
he thinks, are the best for the demonstration of nuclear structures, 
the latter for cytoplasmic structures. For these he greatly 
recommends Weigeet’s borax-ferricyanide mixture, as being the 
easiest and safest to employ. 

W that differentiation in the iron salt (§ 281 or 282) is 
sufficient for almost all purposes. Acetic acid of 30 per cent, 
acts much too quickly to be safe, and causes swelling of the 
tissues.'"/:;:.; 

Van Gieson’s picro-saiirefuchsm has been recommended as 
* See also §§ 909, 
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a differentiation fluid by Benda {DeutscK med. Wochenschr., 
1898, No. 30). We find it gives very delicate differentiations, 
but acts very slowly, requiring nearly as many hours as the 
iron alum solutions does minutes. The addition of the saure- 
fuchsin to the picrid acid is, we find, not necessary, and may 
prove an injurious complication. 

In these processes hsematoxylin is’^generally used for the stain 
not hcematein, the iron salt oxidising it into hsematein, or into a 
higher oxidation product. We have obtained some good stains 
with hsematein, but also some very bad ones ; presumably the 
solutions easily over-oxidise on contact with the iron salt. 

The hsematoxylin is generally dissolved in water. Lee fre- 
quently prefers alcohol, of 50 per cent., as less injurious to 
tissues. 

The method is a regressive one. It has been proposed to stain, 
progressively, which we have tried, and have had extremely bad 
results. 

The differentiation requires to be carefully timed. For this 
reason the method is only applicable to sections, which should 
be thin, best not over 10 /x. 

Iron hsematoxylin is one of the most important of stains. It 
enables us to stain elements which cannot be selectively stained 
in any other way. The stain is Very powerful, and of a certain 
optical quality that is peculiarly suited to the employment of high 
powers ; it will allow of the use of higher eye-pieces than other 
stains. It will take effect on any material, and is quite per- 
manent. Further details as to the characters of the stain are 
given in § 278. 




277. Benda’s Later Iron Haematoxylin {Verb. d. Anat, Ges., vii, 
1, 1893, p. 161). Sections are mordanted for twenty -four hours in 
liquor ferri sulphurid oxidati, P.G., diluted with one or two volumes 
of water. This consists of sulphate of iron, 80 gm. ; water, 40 ; sul- 
phuric acid, 15 ; and nitric acid, 18, and contains 10 per cent, of Fe. 
Doubtless the ferri persulphatis liquor B. P. will do instead ; the point 
is, to have a per-salt, and not a proto-salt. They are then well washed, 
first with distilled water, then with tap -water, and are brought into 
a 1 per cent, solution of haematoxylin in water, in which they remain 
till they have become thoroughly black. They are then washed and 
differentiated. The differentiation may be done either in 30 per cent, 
acetic acid, in which case the progress of the decoloration must be 
watched, or in a weaker acid, which will not require watching ; or in 
the sulphate solution strongly diluted with water. 

We find that if the iron solution be taken for the differentiation, it 
should be taken extremely diluted (of a very pale straw-colour, about 
1 : 30 of water), and the progress of the differentiation watched ; 
as if it be only diluted about tenfold, for instance, the decoloration is 
extremely rapid. See also last §. 

Lee found that Benda’s mordant is unnecessarily, sometimes harm- 
fully, strong, and that the liquor ferri msLy be diluted tenfold with advan- 
tage. The duration of the bath in the mordant is also for most purposes 
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excessive as directed by Benda. We find that three to six hours in 
the solution, diluted tenfold is generally siiffi.eient with favourable 
materiaL 

278. Heidenhain’s Iron Haematoxylin * (M. Heidenhain, 

Uber Kern und Protoplasma,” in Festschr, fur KdlliJm\ 1892, 
p. 118). Sections are treated from half an hour to at most two 
or three hours with a 1*5 to 4 per cent, solution of ferric alum 
(ammonio-ferric sulphate). By this is always meant in histology 
the double salt of ammionium and sesquioxide of iron (NH 4 ) 2 Fe 2 
( 804 ) 4 , clear violet crystals ; the double salt of the protoxide, 
or salt of Mohk in green crystals, will not serve. If the crystals 
have become yellow and opaque, they have gone bad, and should 
be rejected. They ought to be kept in a stoppered bottle, and 
the solution should be made in the cold (Arch, mik. AnaL, xliii, 
1894, pp. 431, 435). The sections are then washed with water 
and stained for half an hour in an aqueous solution (of about 0-5 
per cent.) of hamatoxylin. They ai’e then rinsed with water, 
and again treated with the iron solution, which slowdy washes 
out the stain. The progress of the differentiation otight to be 
controlled under the microscope. The sections should to this 
end be removed from time to time from the alum solution, and 
put into tap-water whilst they are being examined. This is 
favourable to the stain. As soon as a satisfactory differentiation 
has been obtained, the preparations are washed for at least a 
quarter of an hour in running water, but not more than an hour, 
and mounted. The results differ according to the duration of the 
treatment with the iron and the stain. If the baths have been of 
short duration, viz. not more than half an hour in the iron and as 
mtich in the stain, blue preparations will be obtained. These 
show a very intense and highly differentiated stain of nuclear 
structures, cytoplasmic structures being pale. If the baths in 
the iron and in the stain have been prolonged (twelve to eighteen 
hours), and the subsequent differentiation in the second iron 
bath also duly prolonged, black preparations will result. These 
show chromosomes stained, central corpuscles stained intensely 
black, cytoplasm sometimes colourless, sometimes grey, in which 
case achromatic spindle-fibres and cell-plates are stained, con- 
nective-tissue fibres black, red blood-corpuscles black, micro- 
organisms sharply stained, striated muscle very finely shown. 

Later {Zeit. zviss, xhi, 1896, p. 186) Heidenhain gives 

further instructions for the employment of this stain in the study 
of central corpuscles. All alcohol should be removed from the 
tissues by means of distilled water before bringing them into the 
mordant. This should be a per cent, solution of ferric alum, 
not weaker. Leave the sections therein (fixed to slides by the 


* See also §§ 909 H seq. 
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water method, § 209) for six to twelve hours, or at least not less 
than three. Keep the slides upright in the mordant, not lying 
flat. Wash out well with water before staining. Stain in a 
ripened ” hasmatoxylin solution, Le. one that has stood for four 
weeks [of course, if you make it up with the ripened brown 
alcoholic solution recommended § 272 sub fin., this will be super- 
fluous]. Stain from twenty-four to thirty-six hours. Use the 
same staining solution over and over again until it becomes spoilt ; 
for the solution after having been used gives a more energetic 
stain, owing to its containing a trace of iron brought over by the 
sections. Differentiate in a per cent, solution of ferric alum. 
Rinse for ten minutes in running water, clear with xylol, not 
with any essential oil, and mount in xylol-balsam. See also 
under “ Centrosomes,” and “ Chromosomes,” etc. 


Bielaszewics (Bull. Acad. Cracovie. 1909, 2 serie, p. 152) differentiates 
with very weak solution of calcium chloride ; Guarnieri {Mon. Zool. 
ItaL, xvii, 1906, p. 44) with saturated solution of picric acid. 

Gurwitsch {Ziet. wiss. Mik., xviii, 1902, p. 291) floods sections on 
the slide with mordant, warms on a water-bath tfll bubbles are given off 
or the mordant becomes turbid, then stains with the hsematoxylin in 
the same way. The whole process takes about ten minutes. 

Held {Arch. Anat. Phys., Anat. Abth., 1897, p. 277) adds to the 
staining bath a very little of the iron-alum solution until a scarcely 
perceptible precipitate is produced. A dangerous practice. Lee found 
it is not even safe to add a little of an over-used solution {supra). 

Feancotte {Arch. Zool. Exper., vi, 1898, p. 200) mordants with 
tartrate of iron, Mallory {Journ. Exper. Med., v, 1900, p. 15) with 
chloride. 

279. Iron Haematoxylin (Butschli, Unters. uber mikroskopische 
Schsume u. das Protoplasma, etc., 1892, p. 80). Sections treated with a 
weak brown aqueous solution of ferric acetate, washed with water, and 
stained in 0*5 per cent, aqueous solution of haematoxylin. A stain of 
extraordinary intensity, used by Butschli for sections, 1 jLt in thickness, 
of Protozoa. 

280. Weigert^s Iron Haematoxylin Mixture {Zeit. wiss. Mik., xxi, 
1904, p. 1). Mix 1 part of a 1 per cent, solution of haematoxylin in 
alcohol of 96 per cent, with 1 of a solution containing 4 c.c. of liq.ferri 
sesquichlor., 1 c.c, of officinal hydrochloric acid (sp. gr. 1-124) and 95 
of water. The mixture may be kept for some days (until it begins o 
smell of ether), but is best used fresh. Stain sections for a few minutes ; 
no differentiation is necessary. 

For an earlier process of Weigert’s (AUg, Zeit. Psychiatr., 1894, 
p. 245) see edition. 

Morel and Bassal {Journ. Anat. Phys., xlv, 1909, p. 632) stain in 
bulk in Weigert’s mixture with the addition of 1 c.c. of 4 per cent, 
solution of acetate of copper. 

281. Janssens’ Iron Haematoxylin (“ Hematoxyline noire”; L 
Cellule, xiv, 1897, p. 207). A similar mixture to that of Delaeield, 
ferric alum being taken instead of ammonia alum, the rest as in 
Delafield’s. A progressive stain, nuclear : for the yeast cells. 

282. F . C. C. Hansen’s Iron Haematoxylin {Zeit, wiss. Mik., xxii, 1905, 
p. 55). A solution of 10 grm. ferric alum in 150 c.c. water is added to a 
solution of 1 -6 grm. haematoxylin in 75 c.c. water, the mixture heated to 



144 


HMMATEIN 




boilliig-piiint and cooled without access of air. Filter before use. To get 
a pure nuclear stain, add dilute sulphuric acid. 

F. C, C, Hansen’s Iron Tryoxyhaematln, This stain is recommended 
by Pantin (op. ciL). It gives a quick brownish black to black stain of 
nuclei and various cytoplasmic structures, and is a good first stain to be 
followed by picro-fuchsin or aniline blue and orange G. The fresh stain 
is almost purely nuclear, older specimens are more diffuse, and 
cytoplasmic structures are brownish, Romeis (13 Auflage) gives the 
formula : 10 grm. violet iron alum crystals and 1*4 grm. ammonium 
sulphate dissolved in 150 c.c. aq. dest. by gentle heat. Then 1-6 grm. 
of lieematoxylin similarly dissolved in 75 c.c. aq. dest. Cool both 
solutions. Pour the hsematoxylin solution into a porcelain dish, and 
then add the altun solution, stirring constantly. Do not add the 
hsematoxylin to the alum solution. This is important. Now heat 
gently without stirring, till nearly boiling. Float the porcelain dish on 
cold w^ater to cool rapidly. The solution should be dark brown. Filter 
into a bottle just large enough to hold the amount made, this to prevent 
further oxidation. Pantin finds that the stain lasts six to eight months. 
Used stain may be put back into the bottle. 

283. Aluminium Haematein (Alum Haematoxylin) Generalities. 
The mordant and dye are generally combined in a single staining 
bath, giving a progressive stain. The stain is in different tones of 
blue or red according to the Composition of the staining solution. 
Neutral or alkaline solutions give a blue stain ; acid solutions 
give a red one. In order to get a blue stain in preparations that 
have come out red through the acidity of the staining bath, it is 
a common practice to treat them with weak ammonia, in the 
belief that the blue colour is restored by neutralisation of the 
acid that is the cause of the redness. According to Mayee, the 
ammonia acts, not by neutralising the acid, but by precipitating 
the alumina, which carries down the hsematein with it (if no 
alumina were present the colour would be purple, not blue). 
The same result can generally be obtained by merely washing out 
with common tap-water, which is usually sufficiently alkaline, 
and can be obtained with certainty by treatment with bicarbonate 
of soda or acetate of soda or potash. And this is the preferable 
course, as ammonia is certainly a dangerous thing to treat delicate 
tissues with. See Scott’s tap-water substitute, § 273. Of 
course this is a different question from that of neutralising with 
an alkali tissues that have been treated with an acid to correct 
over-staining. Here the neutralisation may be indicated in the 
interest of the of the stain. 

Squire (Methods, p, 22) finds that sections can be blued in a few 
seconds by treatment with a 1 : 1000 solution of bicarbonate of soda 
in distilled water. Mayer holds that acetate of potash is the most 
inoffensive reagent to take ; a strength of 0-5 to 1 per cent, may be 
taken, ■ ■ 

Several of these solutions have a great tendency to over-stain. 
Over-staining may be corrected by washing out with weak acids 
(e.g. 0*1 to 0*2 or even 0*5 per cent, of hydrochloric acid, or with oxalic 
or tartaric acid), but this is not favourable to the permanence of the 
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stain. Caenoy {La Cellule, xii, 2, 1897, p. 215) recommends iodised 
water. If acids be used, it is well to neutralise afterwards with ammonia 
or bicarbonate of soda (0*1 per cent.). 

Bicarbonate of soda may be used for neutralisation with 70 per cent. 
alcohol as the vehicle (von Wistinghausen, Mitth. ZooL Stat Neapel, 
X, 1891, p. 41). 

Over-staining may be avoided by staining very slowly in dilute solu- 
tions. The purest chromatin stains are obtained by staining for a short 
time (sublimate sections half an hour, say) in solutions of medium 
strength, such as hsemalum diluted ten to twenty-fold with water. 
The stain obtained either with very strong solutions, or with the slow 
stain of the dilute solutions, is at the same time a plasma-stain, which 
of course may or may not be desired. Mayer says that very dilute 
solutions will give a pure nuclear stain if they have been diluted with 
alum-solution, or have been acidified. Chrome-osmium material will 
not yield a pure chromatin stain unless it is very fresh ; it is conse- 
quently next to impossible to obtain the reaction with paraffin sections 
of such material ; they constantly give a plasma-stain in addition 
to the chromatin stain, which is not the case with sublimate material. 

The stain is fairly permanent in balsam, but is very liable to 
fade a little, and may fade a great deal. If acids have been 
used after staining, great care should be taken to wash them out 
thoroughly before mounting. In aqueous media the stain cannot 
be relied on to keep (this refers to the old solutions : Mayer 
finds that his haematein preparations have kept well for at least 
some months in glycerine, if not acid, and, with certain precau- 
tions, in balsam). Turpentine-balsam should not be used. 

284. Mayer’s Haemalum, Later Formula {Zeit. wiss. Mik., xx, 
1903, p. 409). Hcematoxylm, 1 grm. ; water, 1 litre. Dissolve, 
and add 0-2 grm. of iodateof sodium (NalOg) and 50 grm. of alum, 
dissolve and filter. 

This is an amended formula. The original one {Mitth. Zool. Stat. 
Neapel, x, 1891, p. 172) was : 1 grm. of hcematein (or the ammonia salt), 
dissolved with heat in 50 c.c. of 90 per cent, alcohol, and added to a 
solution of 50 grm. of alum in a litre of distilled water. 

This solution does not keep very well, but may be made more stable 
by adding 50 grm. of chloral hydrate and 1 grm. of citric (or acetic) 
acid. 

It stains equally well, either at first, or later. Concentrated, it stains 
sometimes almost instantaneously, or in any case very rapidly. (Spring 
water or tap-water containing lime must not be used for diluting ; 
perhaps weak solution of alum in distilled water is the best.) After 
staining, sections may be washed out either with distilled or tap-water. 
It is admirable for staining in bulk. Large objects wiU, however, require 
twenty-four hours’ staining, and should be washed out for the same 
time (this should be done with 1 per cent, alum solution if a sharp 
nuclear stain be desired). All alum must be carefully washed out of the 
tissues before mounting in balsam; and it is well to blue the stain 
with tap-water or otherwise, § 273. The stain is generally a nuclear 
one ; in any case such may be obtained by washing out with alum- 
solution. Mayer’s preparations have kept well in glycerin e (care being 
taken not to have it acid), also in balsam. If oil of bergamot be used 
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According to Neilb (Science, 79, 1934, p. 209) the ripening process 
may be shortened to an afternoon, if the alum and lisematoxylin solution 
is exposed to the rays of a Cooper-Hewitt burner in a shallow dish for 
an hour, and then, after adding the other ingredients, the solution is 
exposed for two hours more. 

This solution keeps for years. It is well to allow it to ripen 
for at least two months before using it. 

For staining, enough of the solution should be added to pure 
water to make a very dilute stain. It is an extremly powerful 
stain. 

It is still much used. We find that when well ripened — ^for 
years rather than months— it is quite a first-class stain. 

Butschli (Unters, ilb, mikroscopische Schdume u, das Protoplasma, 
etc., 1892) recommends, under the name of “ acid haematoxylin,” 
solution of Delafield very strongly diluted, and with enough acetic acid 
added to it to give it a decidedly red tint. This gives a sharper and 
more differentiated nuclear stain than the usual solution. 

Martinotti (Zeit wiss, Mik,, xxvii, 1910, p. 31) makes it up with 0*2 
per cent, of hcematein, and less alum (2 per cent.). 

292, Ehrlich’s Acid Haematoxylin (Zeit wiss. Mik., 1886, 
p. 150). Water 100 c.c., absolute 100, glycerine 100, glacial 
acetic acid 10, haematoxylin 2 grm., alum in excess. 

Dissolve the Inematoxylin in the alcohol, then add the acid, 
then the glycerine and water. 

Let the mixture ripen in the light (with occasional admission 
of air) until it acquires a dark red colour. It will then keep, 
with constant power, for years, if kept in a well-stoppered bottle. 
It is very appropriate for staining in bulk, as over-staining does 
not occur. We find it excellent. 

Mann (ibid., xi, 1895, p. 487) makes up this stain with an 
equal quantity of hcematein instead of hsematoxylin. 

Mayer (Grundzuge, Lee and Mayer, 1st ed., p. 154) finds 
that this is too much and makes the mixture overstain ; 0-4 grm. 
of hiematein is quite enough. 

J. M. Watson (J. R. M. S., vol. 63, 1943) proposes three methods, 
each involving the addition of an oxidising agent, to make it possible 
to use Ehrlich’s haanatoxylin immediately after its preparation. 

Formula 1 : 0*1 grm. KMnO^ dissolved in 100 c.c. of 2 per cent, 
aqueous ammonia alum ; 100 c.c. 2 per cent, solution of haematoxylin 
in absolute alcohol ; 10 c.c. glacial acetic acid; 100 c.c. glycerine. 
Formula 2: 100 c.c. 2 per cent, aqueous ammonia alum ; 100 c.c. 
2 per cent, haematoxylin in absolute alcohol; 100 c.c. glycerine; 
10 c.c. glacial acetic acid ; 1*3 grm. chloramine T, Formula 3 : 100 c.c. 
2 per cent, aqueous ammonia alum ; 100 c.c. 2 per cent, haematoxylin in 
absolute alcohol ; 100 c.c. glycerine ; 40 c.c. glacial acetic acid ; 2 grm. 
barium peroxide. 

These ripening agents are for the formuke given above and do not 
necessarily refer to the original Ehrlich’s Haanatoxylin. Watson 
points out that his methods may or may not succeed with the older 
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Elirlicli’s forBiula. When ripe Ehrlich is wanted quickly, Watson’s 
formulae should be used, as these have been worked out properly. 

293. Unna’s Oxidised Haematoxylin (from Martinotti, Zeit. wiss, 
Mik., xxvii, 1910, p. 31). Haematoxylin 0-5, alum 2, water 60, alcohol 
10, glycerine 20, peroxide of hydrogen solution 10, carbonate of soda 
0-05. 

Mabtinotti, loc, cit, makes it up with hcematein (0-2 grm.). 

294. Apathy’s Haematein Mixture I A {Mitth, Zool. Stat, Neapel, 
xii, 1897, p. 712). Make (a) a solution of 9 per cent, alum, 3 per cent, 
glacial acetic acid, and 0-1 per cent, salicylic acid in water, and (b) a 
1 per cent, solution of haematoxylin in 70 per cent, alcohol, preserved 
for from six to eight weeks in a bottle not quite full. Mix 1 part of a 
with 1 of B and 1 of glycerine. Stains either sections or material in bulk. 
Apathy uses it for staining neuro-fibrils. 

295. Kleinenberg’s Haematoxylin {Quart, Journ. Micr. Sci.^ Ixxiv, 
1879, p. 208). Highly irrational and very inconstant in its composition 
and its effects ; see early editions ; also the criticism of Mayer (Mitth. 
Zool. Stat. Neapel, x, 1891, p, 174), and that of Squire in his Methods 
and Formulce, p. 25, and the alternative formulae of Squire {loc. cit.) 
and of VON Wistinghausen {Mitth. Zool. Stat. Neapel^ x, 1891, p. 41). 

296. Mayer’s Haemacalcium {Mitth. Zool. Stat. Neapel, x, 1891, 
p. 182). Haematein (or haemateate of ammonia), 1 grm. ; chloride 
of aluminium, 1 grm. ; chloride of calcium, 50 grm. ; glacial acetic 
acid, 10 c.c. (or common acetic acid, 20 c.c.) ; 70 per cent, alcohol, 
600 c.c. Rub up finely together the first two ingredients, add the 
acid and alcohol, dissolve either cold or with heat ; lastly add the 
chloride of calciimi. If the objects stain in too red a tone they may be 
treated with a solution (of about 2 per cent.) of chloride of aluminium 
in 70 per cent, alcohol, or with a 0*5 to 1 per cent, solution of acetate 
of soda or potash in absolute alcohol ; but washing with neutral 
alcohol will generally suffice. With certain objects this solution does 
not penetrate well. This may be remedied by acidifying the solution, 
or, which is better, by leaving the objects for some time before staining 
in acid alcohol. Anyway objects ought not to have an alkaline reaction. 
If these precautions be taken, it will not be necessary to use acid for 
washing out. The solution is not recommended as giving as good 
results as hsemalum, and Mayer recommends it merely as a substitute 
for Kleinenberg’s in cases in which an alcoholic haematein stain seems 
indicated, as being easy to prepare, and constant in its effects. 

297. Mayer’s Haemastrontium {Grundzuge, Lee and Mayer, 1910, 
p. 166). One gramme haematein, 1 grm. aluminium chloride, 50 grm. 
strontium chloride, 600 c.c. alcohol of 70 per cent., and (if desired) 
0.25 grm. citric acid. Prepare and use as haemacalcium. 

298. De Groot’s Alcoholic Hae malum {Zeit. wiss. Mik., xxix, 1912, 
p. 182). Mix 20 c.c. of glycerine with 240 of alcohol of 70 per cent. 
Take 4 c.c. of the mixture, 2 c.c. of hydrogen peroxide, and 0 5 grm. of 
haematoxylin, and dissolve with heat. Add 60 c.c. of the mixture, 
4 grm. of calcium chloride, and 2 grm. of sodium bromide. Dissolve, 
add 3 grm. of alum, heat and add 100 c.c. of the mixture. When the 
alum is dissolved add 0*2 grm. of ferri-cyanide of potassium ; dissolve 
and add 3 grm. more of alum and the rest of the mixture. Said to 
stain almost as well as hsemalum. Wash out with alcohol of 70 per 
cent. 

299. R. Heidenhain’s Chrome Haematoxylin {Arch. mik. Amai., 
xxiv, 1884, p. 468, and xxvii, 1886, p. 383). Stain for twelve to twenty- 
four hours in a J per cent, solution of haematoxylin in distilled water. 
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Soak for tlie same time in a 0-5 per, cent, solution of neutral cliromate 
of potash. Wash out the excess of chromate with water. 

Objects that have been fixed in corrosive sublimate ought to be very 
carefully washed out with iodine, or the like, as neutral haematoxylin 
forms a black precipitate with any excess of sublimate that may remain 
in the tissues. See Tornier, in Arch, mik. Anat,, 1886, p. 181. 

The process is adajited to staming in bulk. You can decolour the 
objects to any extent by prolonging the soaking in the chromate. 
Bichromate will do instead of the neutral chromate. 

300. Apathy’s Modification of Heidenhain^s Process (Zeit. wiss. 
Mik,, V, 1888, p. 47). This is an alcoholic method. Stain in a 1 per 
cent, solution of hsematoxylin in 70 or 80 per cent, alcohol. Differentiate 
sections of 10 to 15 p, half the time of staining, sections of 25 to 40 p 
twice the time of staining, in 1 per cent, solution of bichromate of 
potash in 70 to 80 per cent, alcohol, and wash out in alcohol of 70 per 
cent. All these processes should be done in the dark. 

For celloidin series of sections, Apathy (ibid.^ 1889, p. 170) stains in 
the hsematoxylin solution as above for ten minutes ; then removes the 
excess of haematoxylin fluid from the sections by means of blotting- 
paper, and brings the series for from five to ten minutes into 70 per cent, 
alcohol containing only a few drops of a strong (5 per cent.) solution of 
bichromate. 

301. Schultxe’s Chrome Haematoxylin {Zeit, wiss, Mik,, xxi, 1904, 
p. 5). The tissues to be fixed for twelve or more hours in a bichromate 
or chromic acid solution, preferaldy an osmium-biehromate mixture or 
liquid of Flemming, then to be washed out for twenty-four hours in 
50 per cent, alcohol in the dark and stained for twenty-four hours or 
more in 0*5 per cent, haematoxylin in alcohol of 70 per cent., then 
washed out in alcohol of 80 per cent. 

302. Hansen’s Chrome Haematoxylin (ibid., xxii, 1905, p. 64). 
Ten grm. of chrome alum boiled in 250 c.c. of water till green, and 
1 grm. htematoxylin (dissolved in 15 c.c. of water) added ; to the 
mixture when cold add 5 c.c. of sulphuric acid of 10 per cent, and (drop 
by drop) a solution of 0*55 grm. of bichromate of potash in 20 c.c, of 
water. Filter before use. Wash out with water free from air. 

303. Vanadium Haematoxylin (Heibenhain, Enzyk, mik, Tecknik,, 
1903, p. 518). Add 60 c.c. of a 6 per cent, solution of haematoxylin 
to a 0*25 per cent, solution of vanadate of ammonium (quantity not 
stated ; should be 30 c.c., see Cohn in Anat, Hefte, xv, 1895, p. 302). 
The mixture to be used after three or four days ; it will not keep over 
eight days. To be used with sections of sublimate material. A strong 
plasma stain for special purposes, especially mucous glands. 

304. Benda’s Copper Haematoxylin (Arch, mik, Anat, xxx, 1887, 
p. 49). See fourth edition. According to our experience, not to be 
compared with iron haematoxylin, and superfluous. 

A. T. Rasmussen’s Copper Haematoxylin, a Stain for the Acidophils 
of the Human Hypophysis (Froc, Soc. Exp, Biol, arid Med,, Yol, B4s, 
1936, p. 760). 

305. Mallory’s Phospho-molybdic Acid Haematoxylin (Anat 
Anz,, 1891, p. 375). One part 10 per cent, phospho-molybdic 
acid solution, 1 part haematoxylin, 100 parts water, and 6 to 10 
parts chloral hydrate. Let the solution ripen for a week in sun- 
light, and filter. Chiefly tot central nervous system. Sections 
should be stained for from ten minutes to one hour, and washed 
out in two or three changes of 40 to 50 per cent, alcohol. It is 


MALLORl 


151 


Becessary that the solution should be saturated with hsematoxylin 
in order to obtain the best results ; if a good stain be not obtained 
at once, more hsematoxylin must be added. Water must never 
be used for diluting it. 

Sargent {Anat, Anz., xv, 1898, p. 214) quotes this stain, preceded by 
mordanting for twenty -four hours in 5 per cent, sulphate of copper, as 
Kenyon’s. 

Kodis {Arch, mik. Anat., lix, 1901, p. 211) takes hsematoxylin, 1 part ; 
molybdic anhydride, 1-5 ; water, 100 ; HgOg, 0-5, or a crystal of HgO. 

Police {Arch, Zool, Napoli, iv, 1909, p. 300) takes 0*35 grm. hsema- 
toxylin, 10 drops phospho -molybdic acid of 10 per cent., 10 grm. chloral 
hydrate, and 100 grm. alcohol of 70 per cent. 

306. Mallory’s Phospho-tungstic Haematoxylin {Journ. Exp, 
Med., V, 1900, p. 19 ; Zeit. wiss. Mik., xviii, 1901, p. 178) : 

Hsematoxylin . . . . . .0*1 grm. 

Water . . ..... 80*0 c.c. 

10 per cent, solution of (Merck’s) phospho- 

tungstic acid ..... 20*0 c.c. 

Peroxide of hydrogen (U.S. Ph.) . . 0*2 c.c. 

(Dissolve the hsematoxylin, add the acid, then the peroxide.) 
Stain sections from two to twenty-four hours, wash out with water. 
A polychromic stain, nuclei blue, intercellular substances pink. 
We consider this a fine stain. 

307. Donaggio’s Tin Haematoxylin {Ann, Nemol. Napoli, xxii, 1904, 

p. 192). A 1 per cent, solution of hsematoxylin is poured slowly into 
an equal volume of 20 per cent, solution of pink-salt (ammonia-chloride 
of tin). Keep in the dark. » 

308. Osmium Haematoxylin. Schglt^e {Zeit. wiss. Mik,, xxvii, 
1910, p. 465) treats tissues for twenty -four hours or more with osmic 
acid of 1 per cent., washes w^ell with water, and puts for a couple of 
days into ripened 0*5 per cent, solution of haematoxylin in alcohol of 35 
to 50 per cent. Wash out for a day or more with alcohol of 70 per cent. 
Intense plasma stain. 

309. J. Anderson’s Rapid Method of Ripening Haematoxylin 
with Hypochlorite {Journ. Path, and Bact, 1923) : 

Stock Solutions 

A. Saturate boiling distilled water with ammonia (or potash) alum. 

Allow to cool and crystallise for twenty-four hours. Filter. 

B. Shake up 2 grm. of commercial “ chloride of lime ” in 100 c.c, 

of distilled water. Allow to stand for four hours with occasional 
shaking. Filter. Or use a 2 per cent, solution of chloramine T. 

Shake up 0-25 grm. of haematoxylin in 5 c.c. of absolute alcohol, 
add 20 c.c. solution B. Mix for a few seconds. Add this dark brown 
solution to 70 c.c. of solution A with constant shaking. Add 5 c.c. 
glacial acetic acid. 

The haematoxylin is then ready for use. If it becomes purplish or 
bluish add more acetic acid. The stain that has been used may be 
filtered back into the bottle. If is not usually necessary to filter the 
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stain on to the slide. This lijematoxylin stains very rapid!}? ; two or 
three mimites is usually ample. 

310. H, E. Shortt’s Rapid Method for Heidenlialn Stain {Ind. Jour. 
Med. fs?., 1923). The procedure is as follows : — 

To 95 c.c. of distilled water in a flask one adds 1 grm. of pure haema- 
toxyliii crystals (Griibler for preference). This solution is slowly 
brought to the boiling-point, with occasional shaking to complete 
solution of the hsematoxylin, and at this stage 5 c.c. of pure carbolic 
acid, liquefied if necessary, are added. 

The solution is now allow’ed to cool and is then ready for use. Exten- 
sive trial, under varied conditions of temperature and climate, of 
solutions so prepared has shown that this stain is absolutely reliable 
in use, and the addition of the carbolic acid seems to increase the power 
of penetration so that by following the usual technique an intense 
nuclear stain is obtained with unfailing regularity. 

311. Held’s Molybdic ilcid Hsematoxylin, see § 1064. 


CHAPTER XIV 


PLASMA STAINS * WITH COAL-TAR DYES 

312. Introduction. By a plasma stain is meant one that stains 
the extra-nuclear parts of cells and the formed material of tissues, 
or one of these. 

The mode of staining is generally progressive, almost always so 
when acid colours, used substantively, are employed. But 
the regressive method, with differentiation, is sometimes made 
use of, especially when a mordant has been used with the dye. 

In some processes, e.g, Flemming’s orange method, a basic 
and an acid dye (or vice versa) being employed in succession, 
there is formed in the tissues a neutral colour which effects 
the desired stain. These may be considered as adjective stains, 
the first colour serving as a mordant for the second. Not any 
two dyes taken at haphazard will behave in this way : they 
must be such as to form by combination a suitable neutral lake. 
The basic dye may be made the primary stain, as in Flemming’s 
process : or the contrary. 

In such stains as Reinke’s orange method, or the Ehrlich- 
Biondi mixture, and many others, one or more neutral colours 
are formed in the mixture and stain progressively. 

Excepting Biebrich scarlet, we are not acquainted with any 
plasma stain that is thoroughly satisfactory for delicate work. 
In addition to Biebrich scarlet, we recommend for sections 
Saurefuchsin, either alone or in the form of Ehrlich-Biondi 
mixture, or Ehrlich’s triacid ; for material in bulk, picric acid 
(but only for rough work). 

313. Add Fuchsin (Fuchsin S, Acid Rubin, Rubin S, Saurerubin, 
Acid Magenta, Magenta S). This must not be confounded with 
basic fuchsin, as seems to have been done by some writers. 

This dye is highly soluble in water, less so in alcohol. Use a 
0-5 per cent, solution in water and allow it to act on sections for 
a few minutes in the case of easily stainable material, or twenty- 
four hours or more for chrome-osmium material. The stain is 
fast to neutral alcohol. It is very sensitive to alkalies, so that 
overstains can easily be removed by washing for a few minutes 

* This chapter includes only such stains as are used in, ordinary work 
on tis.sues in bulk or sections, stains for special purposes being treated under 

Nervous tissue,” “ Blood,” etc. It includes some double or triple stains 
that colour rmclei as well as plasma, but in dij^erent hues. Refer to the 
British dye index of the Society of Dyers and Colourists (1923) or Schultz’s 
“ h'arbstofftabellen ” (1923). For most purposes Dr. H. J. Conn’s book, 
“ Biological Stains ” (1946), willgive allinformation needed. 
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in tap- water. Acids strengthen the, stain, so that it is frequently 
useful to treat sections after staining for a few seconds with 
acidulated water. A good stain should show the cytoplasm, 
together %vith nuclear spindles and asters, stained red, and 
connective tissue strongly brought out. It may be advisable 
to acidify the staining bath very slightly. Successful stains are 
admirably sharp. 

314. Fyronin. A basic dye, red, only generally in mixtures. 
The reader should consult Symposia on Quantitative Biology, 
Vol. xii, 1947, for a discussion on pyronin and methyl and fast 
green ; it is now claimed that pyronin has the ability to distinguish 
between desoxyribonucleo- and ribosenucleo-proteins in tissues. 
The reactions of double stains like Mann’s methyl blue eosin, or 
picro-nigrosin on cells appear to us closely to resemble the results 
obtained by pyronin and methyl green. Reference ma}^ be made 
to the classic paper on ascidian oogenesis by Jan Hirschler {Arch, 
mikr. Anat., Ixxxix, 1914), 

According to Conn (op. cit) these are Pyronin G, now difficult to 
obtain, and Pyronin B, which can be used quite 'well instead of Pyronin 
G in Pappenheim’s stain described below. Solubility of Pyronin B at 
26° C., in water 0-07 per cent., in alcohol 1*08 per cent. 

Pappenheim (Arch. Path. AnaL, clxvi, 1901, p. 427) takes 2 parts 
1 per cent, solution of methyl green and 1 part 1 per cent, solution of 
pyronin, stains sections for five minutes, rinses and differentiates in a 
solution of resorcin or hydroquinon in absolute alcohol. According to 
CoRTi and Ferrara, Mon. zool. Ital., xvi, 1905, p. 319, this mixture 
generally steins chromatin green and cytoplasm red, but in Flemming 
or Hermann material the reverse. It seems to us a coarse plasma stain, 
but has now once again come into prominence. 

Unna’s caebol-pyronin-methyx. green modification (Enzyk. Mik. 
Tech., 1910, ii, p. 412 : Lee was indebted for the formula to Dr. 
Gaudiatz) is as follows : Stein for five to ten minutes at 30° to 40° C. 
in methyl green 0-15 parts, pyronin 0-25, alcohol 2-5, glycerine 20, and 
carbolic acid of 0*5 per cent, to make up 100 volumes. Cool rapidty, 
rinse, dehydrate, and pass through begamot oil, or xylol or benzol 
{not clove’Oil), into balsam. Brings out bacteria (red) in organic liquids. 

315. Orange G. This is the benzazo-beta-naphthol-disul- 
phonate of soda. As indicated by its chemical description, this 
is an acid ” coloui'. 

Solubility at 26® C., in w^ater 10*86 per cent., in alcohol 0- 22 
percent. 

It is easily soluble in water, less so in alcohol. Use as directed 
for acid fuchsin. Almost, if not quite, as precise a stain as 
acid fuchsin. It does not overstain, but may wash out other 
dyes. 

In recent years this stain has been mucb used as a counterstain 
after iron alum haematoxylin. Saturate absolute alcohol and 
pass the slides through on their way to xylol or benzol balsam. 

Acid fuchsin and Orange G. Lee has had good results by 
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mixing the aqueous solutions of these two dyes, but unfortunately 
lias not noted the proportions. Squire {Methods and Formulce, 
p. 42) takes 1 grm. Acid fuchsin, 6 grm. Orange G in 60 e.c. of 
alcohol and 240 c.c. of water. See also under “ Connective 
tissues.” 

316 . Ehrlich- Biondi Mixture (or Ehrlich-Biondi-Heidenhain 
Mixture) {Pjiugefs Arch., xliii, 1888, p. 40). 

To 100 c.c. saturated aqueous solution of orange add with 
continual agitation 20 c.c. saturated aqueous solution of acid 
fuchsin and 50 c.c. of a like solution of methyl green. 

(According to Krause {Arch. mik. Anat, xlii, 1893, p. 59), 100 parts of 
water will dissolve about 20 of acid fuchsin (Rubin S), 8 of orange G 
and 8 of methyl green.) The solutions must be absolutely saturated^ 
which only happens after several days. 

Dilute the mixture with 60 to 100 volumes of water. The 
dilute solution ought to redden if acetic acid be added to it ; and 
if a drop be placed on blotting-paper it should form a spot bluish- 
green in the centre, orange at the periphery. If the orange zone 
is surrounded by a broader red zone, the mixture contains too 
much fuchsin. 

According to M. Heidenhain (‘‘ Ueber Kern u. Protoplasma,” 
in Fesichr.f. Kolliker, 1892, p. 115) the orange to be used should 
be Orange G,” the Acid Fuchsin should be Rubin S ” (‘‘ Rubin ” 
is a synonym of Fuchsin) and the methyl green should be “ Methyl- 
grtin 00.” 

The strong solutions directed to be taken readily precipitate 
on being mixed. To avoid this it is recommended by Squire 
{Methods and Formulce, etc., p. 37) to dilute them before mixing. 

Other proportions for the mixture have been recommended by 
Krause {loc. dt supra), viz. 4 c.c. of the acid fuchsin solution, 7 of the 
orange G and 8 of the methyl green ; the mixture to be diluted 50 to 
100-fold with water. Thome {Arch. mik. Anat., lii, 1898, p. 820) gives 
the proportions 2:5: 8, and dilutes 100-fold. 

Stain sections (N.B. sections only) for six to twenty-four hours, 
i Dehydrate with alcohol, clear with xylol, and mount in xylol 

balsam. 

In the intention of the observers who have elaborated this 
stain it is a pfogresswe and not a regressive one. It does 

not require any differentiation, and the sections should be got 
through the alcohol into xylol as quickly as possible in order 
to avoid any extraction of the methyl green, which easily comes 
away in the alcohol. Druner xxix, 1894, pk 276) 

stains for ten minutes in the concentrated solution, treats for one 
minute with alcohol containing OT per cent, of hydrochloric acid, 
and then with neutral alcohol. 

The best results are obtained sublimate mammal / chrome- 
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osmium material, and the like, give a much inferior stain. Pre- 
parations made with the usual mixture, as given above, are liable 
to fade ; by acidifying the mixture a stronger and more sharply 
selective stain is obtained, which does not fade. But too much 
acid must not be added. According to the Enzyk. mik, TecJmik, 
you may add 15 to 24 drops of 0*2 per cent, acetic acid to 100 c.c, 
of the diluted solution. 

Another process of acidification is given by M. Heidenhain (Ueber 
Kern und Protoplasma, p. 116) ; for this see fourth edition. See also 
Israel (Prahticum Path, Hist., 1 Aufl., Berlin, 1893, p. 59) ; Trambusti 
(Eicerche Lab. Anat, Roma^ v, 1896, p. 82 ; Zeit. wiss. Mik,, xiii, 1896, 
p. 357) ; and TnoaiE {op. dt, supra). Eisen {Proc. Calif, Acad. (3), i, 
1897, p. 8) acidifies with oxalic acid. 

After acidification the solution must not be filtered, and if it has been 
kept for some time a little more acid must be added. 

Before staining (M. Heidenhain, loc. cit.), sections should be treated 
for a couple of hours with 0-1 per cent, acetic acid, then for ten to 
fifteen minutes with officinal tincture of iodine, and be rinsed with 
alcohol before bringing into the stain. The treatment with acid is 
necessary in order to ensure having the sections acid on mounting in 
balsam. The primary object of the iodine is to remove any sublimate 
from the preparations, but it also is said to enhance the power of staining 
of the chromatin with methyl green, and to produce a more selective 
staining of protoplasmic elements. 

The stain is a very fine one when successful. But it is very 
capricious. The correct result should be a precise chromatin stain 
combined with a precise stain of the cytoplasm by the acid fuchsin. 
Now the least defect or excess of acidity causes the plasma stain of the 
acid fuchsin to become a diffuse one, instead of being sharply limited 
to the plastin element. It is difficult to dehydrate the sections without 
losing the methyl green. For this reason the stain will only work with 
very thin sections ; to be quite sure of good results, the sections should 
be of not more than 3 in thickness, and if they are over 5 the desired 
results are almost hopeless. The stain keeps very badly. Lee stated 
that the method has its raison d'itre for the very special objects for 
which it was imagined — ^for the researches on cell-granulations for 
which Ehrlich employed the three colours, or for the researches 
on the ground cytoplasm for which Martin Heidenhain employed 
the mixture ; for the study of gland cells ; and for similar objects. But 
to recommend it, as has been done, as a general stain for ordinary work, 
is nothing but mischievous exaggeration. For it is far from having the 
qualities that should be possessed by a normal section stain. Workers 
have at length found this out, and it is now but little used except for 
the special purposes above indicated. 

317. Ehrlich’s Triacid Mixture. This name would seem 
to indicate that the mixture contains three “acid” colours, 
which is not the case, methyl green being a strongly “ basic ” 
colour. Ehrlich explains in a letter to Mayer (see also Ehrlich 
and Lazarus, BieAncemie, 1898, p. 26) that it is so called “ because 
in it all the three basic groups of the methyl green are combined 
with the acid dye-stuffs.” A very pretty conundrum ! 

The latest receipt (op* dt., p, 28) is asfoliows : 
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Prepare separately saturated solutions of orange G, acid 
fuchsin, and methyl green, and let them clarify by settling. 
Then mix, in the order given, using the same measure-glass, 
13 to 14 c.c. of the orange, 6 to 7 of the acid fuchsin, 15 of dis- 
tilled water, 15 of alcohol, 12| of the methyl green, 10 of alcohol, 
and 10 of glycerine. After adding the methyl green, shake well, 
but do not Alter. 

The mixture keeps well. Lee found its qualities and defects 
to be much like those of the Ehrlich-Biondi mixture. The stain 
seems more powerful but less delicate, and the methyl green in 
it appears to have more resistance to alcohol, so that it is better 
adapted for ordinary work. 

Mayer (Grundzuge, Lee and Mayer, p. 197) has simplified the 
formula thus : Take 1 g. methyl green, 2 g. orange, 3 g. acid fuchsin, 
and dissolve in a mixture of 35 c.c. water, 10 c.c. glycerine, and 20 c.c. 
alcohol of 90 per cent. 

Morel and Doleris (C. R, Soc. Biol,, liv, 1902, p. 1255) mix 1 vol. of 
the solution with one of 8 per cent, formalin and add 0*1 per cent, of 
acetic acid, and state that thus the methyl green is better fixed in the 
nuclei. 

318. Pianese’s Acid fuchsin- malachite Green (from Muller, Arch. 
Zellforsch., viii, 1912, p. 4) consists of 0*5 grm. malachite green, 0.1 grm. 
acid fuchsin, and 0*01 grm. Martius yellow in 150 c.c. water and 50 c.c. 
alcohol. Stain for twenty-four hours, differentiate with alcohol, con- 
taining 1 to 2 drops of HCl per 200 c.c. 

319. Picric Acid. Picric acid gives useful plasma stains after 
carmine and haematoxylin. The modus operandi consists merely 
in adding picric acid to the alcohols employed for dehydrating 
the objects. 

Solubility at 26° C., in water 1*18 per cent., in alcohol ’8*96 per cent. 

Picric acid has considerable power of washing out other aniline 
stains ; and in combinations with hydrochloric acid it very greatly 
enhances the power with which this acid washes out carmine 
stains. It should, therefore, not be added to the acidulated 
alcohol taken for differentiating borax-carmine stains, or the like, 
but only to the neutral alcohol used afterwards. It has the 
great quality that it can be used for staining entire objects, and is 
much indicated for such objects as small Arthropods or Nematodes, 
mounted whole. 

It can in some cases be employed by dissolving it in the solution of 
another dye (see Picro-carmine, Legal’s alum-carmine, etc.) ; or 
(for sections) by dissolving it in the xylol or chloroform used for clearing. 

Though picric acid is a useful ground stain, it is at most a rough 
one, being very diffuse. It stains, however, horn, chitin, muscle and 
erythrocytes, with special energy. 

According to Frohlich {Zeit. wiss. ikTfA;., xxvii, 1910, p. B49) picra- 
minic acid (itom Griibler and Holiborn) has some advantages over picric 
acid. 
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320, Van Gibson’s Add Ftichsin-picrk Add (from Zeit-wiss, 
Mik., xiii, 1896, p. 344). To a saturated aqueous solution of picric 
acid are added a few drops of saturated aqueous solution of 
acid fuchsin, until the mixture has become garnet-red. Or 
{Trans, Amer, Micr. Soc., xix, 1898, p. 105) to 100 parts of the 
picric acid solution add 5 parts of 1 per cent, solution of acid 
fuchsin. After staining (section only), rinse with water, dehydrate, 
and clear in oil of origanum. (See particularly § 1095.) 

Ohlmacher (Journ, Exper, Med,, ii, 1897, p. 675) adds 0*5 per cent, 
of acid fuchsin to a saturated solution of picric acid which has been 
diluted with an equal quantity of water. He uses this after previous 
staining with gentian violet. 

Ramon y Cajal recommends 0*1 grm. of acid fuchsin to 100 of 
saturated solution of picric acid (Schaffer, Zeit. wiss, Zool,, Ixvi, 
1899, p. 236). 

Hansen {Anat, Anz,, xv, 1898, p. 152) adds 5 c.c. of 2 per cent, 
solution of acid fuchsin to 100 c.c. saturated solution of picric acid, 
and for staining adds to 3 c.c. of the mixture one-third of a drop of 
2 per cent, acetic acid, stains for a few minutes or hours, rinses in 3 c.c. 
of water with 2 drops of the acidified stain added, dehydrates, clears 
with xylol, and mounts in xylol-balsam. Connective-tissue red, elastin 
and all other elements yellow. 

Weigert (Zeit, miss, Mik,, 1904, p. 3) adds 10 parts of 1 per cent, 
acid fuchsin to 100 of saturated picric acid. 

See also Moller, op, cit, xv, 1898, p. 172. 

This stain is generally used as a contrast stain to follow haL^matoxylin, 
AfAthy (Behrens" Tabellen, 3rd ed., p. 129) takes for this purpose 1 grm. 
of acid-fuchsin in 500 c.c. of saturated solution of pier ate of ammonia, 

WiLHELMi (Fauna Flora Golf, Neapel, xxii, 1909, p. 18) takes 0*2 grm. 
acid-fuchsin, 0-8 grm. picrate of ammonia, 10 grm. absolute alcohol, 
and 89 grm. water. 

E. and T. Savini (Zeit, wiss, Mik,, xxvi, 1909, p. 31) use a formula 
due to Benda. Ninety-five volumes of saturated solution of picrate of 
ammonia are mixed with 5 volumes of 1 per cent, solution of acid- 
fuchsin. For use, two to four drops of saturated solution of picric acid 
are added to 10 c.c. of the mixture. This neither overstrains nor attacks 
the primary strain. 

321- Flemming’s Orange Method (Arch, mik, Anat, xxxvii, 1891, 
pp. 249 and 685). Stain sections of Flemming or Hermann material in 
strong alcoholic safranin solution diluted with anilin water (§ 904) ; 
differentiate in absolute alcohol, containing at most 04 per cent, of 
hydrochloric acid, until hardly any more colour comes away ; stain for 
one to three hours in gentian violet (§ 367) ; wash for a short time in 
distilled w’ater ; treat with concentrated, or at least fairly strong, 
aqueous solution of orange G. After at most a few minutes, whilst 
pale violet clouds are still being given off from the sections on agitation, 
bring them into absolute alcohol until hardly any more colour comes 
away, clear in clove or bergamot oil, and mount in damar or balsam 
before the last pale clouds of colour have ceased to come away. The 
orange must be orange G, 

Winiwarter and Sainmont (Zeit, wiss, Mik,, xxv, 1908, p. 157, 
and Arch, Biot, xxiv, 1909, p. 15) stain for twenty-four hours in the 
gentian, wash out after the orange for two to three hours in 100 c.c. 
absolute alcohol with 8 to 4 drops of HCi, and differentiate finally with 
oil of cloves. 
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This is not a triple stain in the sense of giving three different colours 
ill the result ; it is a nuclear and plasmatic stain in mixed tones ; the 
orange, apparently, combines with the gentian to form a “ neutral ” 
dye, soluble in excess of the orange, which thus differentiates the stain. 

See also Flemming in Arch. AnaL Phys, Abth,, 1897, p. 175. 

322. Reinke’s Orange Method {Arch, mik, AnaL, xliv, 2, 1894, p. 262). 
To a concentrated aqueous solution of gentian violet are added “ a few 
drops ” of a like solution of orange G. The solution precipitates in part, 
owing to the formation of an imperfectly soluble “ neutral ” colour, but 
becomes almost clear again if an excess of water be added. The 
solution is not to be filtered, but the sections are to be stained in the 
mixture made almost clear by addition of water. It is said that the 
“ neutral ” solution may be preserved for future use by adding to it 
one-third of alcohol. iVfter staining (sections previously stained with 
safranin), you differentiate rapidly with alcohol and clear with clove oil. 

Lee has tried this process and obtained exactly the same results as 
with Flemming’s process, and so have other workers. 

Abnold’s Orange Method {Arch. Zellforsch., iii, 1909, p. 434). Sections 
(of chrome material) are treated for five minutes with solution of 
equal parts of iodine and iodide of potassium in alcohol of 40 per cent., 
then washed and stained for four hours in a saturated solution of safranin 
in alcohol of 75 per cent. : then washed and put for five to fifteen 
minutes into solution of 7 parts of methylene blue, 0*5 carbonate of 
soda and 100 of water, washed, dehydrated, and treated until pale blue 
with solution of orange G in oil of cloves. Cytoplasmic reticulum blue 
on orange ground, nucleoli and centrosomes red. Instead of the 
safranin, basic fuchsin may be taken. 

323. Bonney’s Triple Stain (Virchow's Arch., cxciii, 1908, p. 547). 
Stain sections (of acetic alcohol or sublimate material, not chrome or 
formol material) for two minutes in a solution of 0:25 parts methyl 
violet and 1 part pyronin in 100 of water. Wipe slide dry, and flood 
twice with the following : 2 per cent, aqueous solution of orange G, 
boiled and filtered, is added drop by drop to 100 c.c. of acetone, with 
agitation, until there is formed a flocculent precipitate, which redissolves 
on further addition of the orange. Wash rapidly in pure acetone, and 
pass through xylol into balsam. Chromatin violet, cytoplasm red, 
connective-tissue yeUow, keratin violet. Not adapted for blood 
films. 

324. Bordeaux R. An “ acid ” dye, giving a general stain 
taking effect both on chromatin and cytoplasm, and a very 
good plasma stain. Lee used for chrome-osmium material a 
1 per cent, solution, and stained for twelve to twenty-four hours. 
The stain is sufficiently fast. 

Solubility at 26° C., in water 5T8 per cent., in alcohol 1*12 per cent. 

325. Bordeaux R, Thionin, and Methyl Green (GkAbebg, Zeit wiss. 
Mi/c., xiii, 4, 1896, p. 460). 

326. Congo Red (see Griesbach, m Zeit wm. Mik., iii, 1866, 
p. 379). An “ acid ” colour. Its solution becomes blue in presence 
of the least trace of free acid (hence Congo is a valuable reagent 
for demonstrating the presence of free acid in tissues ; see the 
papers quoted loc. at.). A stain much of the same nature as 
Saurefuchsin. It is useful for staining some objects during life. 
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Carnoy {La Cellule^ xii, 1897, p. 216) has had very good results 
with it after hseinatoxyliii of Delafield. He used 0*5 per cent, 
solution in water. Note that this colour is not to be confounded 
with other Congos, as Congo yellow, or brilliant Congo. It is 
one of the azo dyes. 

327. Congo- Corinth. Also an acid dye. Heidenhain (Zeit, zmss. 
Mik., XX, 1903, p. 179) recommends Congo-Corinth G (or the allied 
colour Benzopurpurin 6 B) (Blberfelder F'arbwerke). Sections must be 
made alkaline before staining, by treating them with very weak sal 
ammoniac or caustic soda, in alcohol. After staining, pass through 
absolute alcohol into xylol. Used after alum hiematoxylin, the stain of 
which it does not cause to fade. 

328. Benzopurpurin. According to Griesbach {loc, cit,, § 326), 
another “ acid ” colour very similar in its results to Congo red. See 
also ZscHOKKE (ibid.y v. 1888, p. 466), who recommends Benzopurpurin 
B, and says that w*eak aqueous solutions should be used for staining, 
which is effected in a few minutes, and alcohol for v^ashing out. Delta- 
purpurin may be used in the same way. 

See last § as to the necessity of alkalising the sections, which Heiden- 
hain states is necessary with all dyes of this group. 

329. Neutral Red (Ehelich, Allg, fried, Zeit, 1894, pp. 2, 20 ; 
Zeit wiss, Mik,, xi, 1894, p. 250 ; Galeotti, ibid,, p. 193). A 
“ basic ” dye. The term ‘ ■ neutral ” refers to the hue of its 
solution. Its neutral red tint is turned bright red by acids, yellow 
by alkalies. The stain in tissues is in genei'al nietachromatic, 
nuclei being red, cell-bodies yellow {cf. Rosin, in Deutsche med, 
Wochenschr,, xxiv, 1898, p. 615 ; Zeit wiss, Mik,, xvi, 2, 1899, 
p. 238). Up to the present this colour has chiefly been employed 
for intra-vitani staining. Tadpoles kept for a day or two in a 
solution of 1 : 10,000 or 100,000 absorb so considerable a quantity 
of the colour that they appear a dark red. The stain is limited 
to cytoplasmic granules (Ehrlich), and to the contents of mucus 
cells (Galeotti), but in many cases the dye becomes segregated 
into vacuoles which are new formations. The reader should refer 
to Chapters XXV and XXXI. 

Solubility at 26° C., in water 5*64 per cent., In alcohol 2:45 per cent. 

According to Ehrlich and Lazarus {Spec, Pathol, und Therapie, 
herausgeg. von Nothnaoel, viii, 1, 1898, p. 1 ; Zeit f. wiss Mik,, 
XV, 3, 1899, p. 338) it may be used for intra-vitam staining of 
tissues in the same way as methylene blue, byinjection or immersion 
with contact of air. It is especially a granule stain. Similar 
results are recorded by {Anat Anz,, xvi, 1899, p. 568, 

and xxi, 1902, p. 418). See also Ehrlich and Lazarus, Anmmie, 
i, 1898, p. 85 ; Loisel {Journ. de TAnat. et de la Physiol,, 1898, 
pp. 197, 210, 217) {intra-vitam staining of sponges) ; and 
Prowazek {Zeit wiss, ZooL, hdi, 1897, p. 187) {intra-vitam 
staining of Protozoa), We have had very good results with it as 
an intra-vitam stain. 
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li has been foii^ useful for staining, in hardened material, 
the corpuscles of Nissl {q,v.) in nerve-cells. S. Mayer {Lotos, 
Prague, 1896, No. 2) states that it also stains degenerating myelin. 
I'he solutions that have been employed for staining fixed material 
are strong aqueous ones, 1 per cent, to be concentrated. 

330. Biebrkh Scarlet (British Dyes, Ltd., Huddersfield). 
A. K. Gordon {RHtish Medical Jowm,, 1917, p. 828) finds this 
an excellent acid dye which never overstrains and is not diffuse. 
Use in 1 per cent, solution, or as recommended by Scott. 

We have used this stain a good deal and find it better than 
any other plasma dye that we have tried. 

331. The Eosins, found in commerce under the names of Eosin, 
Saffrosin, Frimerose Soluble, PMoxin, Bengal Rose, Erythrosin, 
Py rosin B, Rose B, a PEau, etc., are all ‘‘ acid ” phthalein colours. 
They are not quite identical in their properties. Most of them 
are soluble both in 'alcohol and in water, but some only in alcohol 
(“ Primerose a VAlcool ”). Phloxin has been much used lately. 

Acicording to Conn (op. cit.) the proper dye is ethyl eosin, and when 
ordering supplies, this name, and not alcohol soluble eosin, should be 
used. Solubility at 26° C., in water 0*03 per cent., in alcohol 1*13 per 
cent. 

They are all diffuse stains, formerly much used as contrast 
stains, less so now. Hansen {Anal, Hefte, xxvii, 1905, p. 620) 
adds 1 drop of acetic acid of 2 per cent, to 9 e.c. of 1 per cent, 
eosin, which makes the stain -more selective. 

Eosin is a stain for red blood-corpuscles, and also for certain 
granules of leucocytes (see under Blood ’’). 

The yolk of some ova takes the stain strongly, so that it is 
usefid ill some embryoiogical researches. 

332. For Bengal Rose see Griesbach, ZooL Anz., 1883, p. 172. 

333. Ehrlich’s Indulin-Aurantia-Eosin, or Acidophilous 
Mixture, or Mixture C, or Mixture for Eosinophilous Cells (from 
the formula kindly sent Lee by Dr. Grubler). Indulin, aurantia, 
and eosin, of each 2 parts ; glycerine, 30 parts. This gives a very 
(piiek, syrupy solution. To use it, coverglass preparations may 
be floated on to it ; or sections on slides may have a few drops 
poured on to them, the slide being laid flat till the stains has taken 
effect (twenty-four hours for Flemming material). Lee found 
that with Flemming material it gives a powerful and good stain, 
whicli is much more resistant to alcohol than that of the Ehrligh- 
Biondi mixture, and is, therefore, much more adapted to ordinary 
work. The stain keeps well. 

Israel {Praktik, Path Hist,, Berlin, 1893, p. 68) gives a more com- 
plicated receipt. 

334. Methyl Gtem Siud Eosin (CAhBBRT,A, Morph. Jahrb., Hi, 1877, 
Heft. 3, p. 625 ; List, Zeit. wiss. Mik,, ii, 1885, p. 147 ; Baxbiani, Ann. 

VADE-MECUM. a 
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Micmgf., Paris, vii, 1895, p. 245 ; Rhumblee, Zeit. wiss. ZooL, Ixi, 1895, 
p. 88). See early editions. 

335. Methylene Blue and Eosin (Chenzinsky, quoted from Zeit. zviss. 
Mik,, xi, 2, 1894, p. 269). 

Methylene blue, sol. sat. in water . . . 40 c.c. 

Eosin, 0-5 per cent, in 70 per cent, alcohol . 20 c.c. 

Distilled water, or glycerine . . . .40 c.c. 

This solution will only keep for about eight days. 

PiANESE {ibid., xi, 1,894, p. 345) adds a considerable proportion of 
carbonate of lithium. 

See also the mixture of Bremer {Arch, mik. Anat., xlv, 1895, p. 446). 

Lee has tried Chenzinsky’s mixture as a tissue stain, without good 
results ; but see Rosin, Berliner klin. Wochenschr., 1898, p. 251 ; Zeit. 
wiss. Mik., xvi, 1899, p. 223, and xvii, 1900, p. 338. 

See also Laurent {Centralb. allg. Path., xi, 1900, p. 86 ; Zeit wiss. 
Mi/r., xvii, 1900, p. 201). 

336. Mallory’s Eosin and Methylene Blue {Joiirn. Med. Research, 
January, 1904). Sections of Zenker material (other sublimate material 
not so good) are stained for half to three-quarters of an hour at 56° C. 
in 5 per cent, aqueous solution of eosin, rinsed and flooded with solution 
of 1 part of methylene blue, and 1 of potassium carbonate in 100 of 
water, diluted with about 7 parts of water. iVfter forty minutes tliey 
are flooded (not washed) with water, and differentiated for about five 
minutes in alcohol of 95 per cent. x\bsolute alcohol, xylol, balsam. 

337. Other Eosin and Methylene-blue Stains. P"or some very 
important ones see under “ Blood.” 

338. Light Green. An “ acid ” colour, soluble in alcohol, and a 
good plasma stain. 

Solubility at 26° C., in water 20*35 per cent., in alcohol 0*82 per cent. 

(Verh. physiol. Ges. Berlin, December 18th, 1891, Nos. 
4 u. 5) stains sections for twenty-four hours in anilin-water 
safranin solution, then for about half a minute in a solution of 
0*5 grm. Lichtgriin or Saureviolett (Griibler) in 200 c.c. of alcohol 
dehydrates and mounts in balsam. This process gives a very 
elegant stain, but requires very thin sections, and there is always 
risk of the safranin being washed out. The Lichtgriin stain 
unfortunately does not keep at all well. 

See also Prenant, Arch. mik. Anat, vii, 1905, p. 430, and 
Guieysse, C.E. Soc. Biol., Ixii, 1907, p. 1212, and Bailey {Jour. 
Med. 1920). 

339. Janus Green (Michaelis, Arch. mik. Amt, Iv, 1900, 
p. 565). Used in solution of 1 : 30,000 for staining mitochondria 
(pancreas, salivary glands, etc.) in the fresh state. Janus Green 
B (Hoechst) and Janus Black D, I, II and 0 have been used much 
in past years by cytologists. These dyes are toxic and must be 
used very diluted, and cannot be injected into living animals, as 
can neutral red, etc. The Janus dyes are therefore usually used 
supravitally. When successful they give a })eautiful demonstration 
of mitochondria. See § 633. 
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Solubility at 26'^ C., in water 5*18 per cent., in alcohol 1*12 per cent. 

340. MaiacMte Green (syn. Solid Green, Victoria Green, New Green, 
Benzoyl Green, Fast Green). A basic colour, which has been used as a 
plasma stain for the ova of Ascaris by van Beneden and Neyt. These 
authors used it for glycerine preparations ; it can hardly be got into 
balsam. 

Flemming {Arch, mik, Anat,^ xix, 1881, p. 324) attributes to it a 
special affinity for nucleoli. 

341. Iodine Green (“ Hoffmann’s Grun ”), see Griesbach {Zool, 
Anz,, No. 117, vol. v, 1882, p. 406). Stain essentially that of methyl 
green, but plasma often violet through the presence of a violet impurity 
(BLvyer, Mitth, ZooL Stat Neapel, xii, 1896, p. 311 ; see also earlier 
editions). It is now only used by botanists. 

342. TMophen Green (Thiophengrun), see Krause, Intern, Monatsschr. 
Anat,, etc,, iv, 1887, Heft. 2. 

343. Coerulein S., a green “ acid ” dye, is recommended for the 
staining of muscle-fibrils by M. v. Lenhossek (Anat, Anz., xvi, 1899, 
p. 339). See also Heidenhain, ibid, xx, 1901, p. 37, and Rawitz, ibid., 
xxi, 1902, p. 554. 

344. Quinoline Blue (Cyanin, Chinolinblau ; v. Ranvier, Traite, 
p. 102). Quinoline is said by Ranvier to have the property of staining 
fatty matters an intense blue. 

It is useful for staining Infusoria, which in dilute solution it stains 
during life. See the methods of Certes. 

From the reactions mentioned by Ranvier it would seem that his 
** bleu de quinoMine ” is not the preparation that usually goes under 
that name. See Ehrlich, in Arch. mik. Anat, xiii, 1877, p. 266. 

345. Indulin and Nigrosin. Indulin, Nigrosin, Indigen, Coupler’s 
Blue, Fast Blue R, Fast Blue B, Blackley Blue, Guernsey Blue, Indigo 
substitute are the names of brands of a group of dyes, mostly ‘‘ acid,” 
related to the base violanilin. According to Behrens the name Indulin 
is generally gi\'eii to a bluish brand, and that of Nigrosin to a blacker 
one. 

Nigrosin, used with sublimate material, Lee found stains both nuclei 
and cytoplasm, the chromatin strongly. It will not give the stain at all 
with chrome-osmium material. 

According to Calberla (Morph. Jahrb., iii, 1877, p. 627) the concen- 
trated aqueous solution of Indulin should be diluted with 6 volumes 
of >vater. Sections will stain in the dOute solution in from five to 
twenty minutes. He also says that it never stains nuclei ; the 
remaining cell-contents and intercellular substance are stained blue. 
This seems to us to be, roughly, correct. 

346. Safranin and Nigrosin (or Indigo-Carmine) (Kossinski, Zeit, 

vi, 1880, p. 61). See early editions. 

347. Picro-NIgrosin, Pfitzer (Deutsch. Boian. Gesellsch., 1883, 
p. 44) dissolves nigrosin in a saturated solution of picric acid in 
water, and uses it for fixing and staining at the same time, on the 
slide*. See also under “ Connective Tissues.” 

348. Anilin Blue. Under this title are comprised various 
‘'basic” derivatives of the base rosanilin. They occur under 
the names Spirit Soluble Blue (Bleu Alcool), Gentian Blue 6 B, 
Spirit Blue 0, Opal Blue, Bleu de ,Nuit, Blue Lumifere, Parma 
Bleu, Bleu de Lyon. Some authors give the name Bleu de Nuit 
and Grundsticbblau as synonyms of Bleu de Lyon. The Encycl 

", 6 — 2 , ■ ■ 
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mik. Teelmik says it is ‘^Anilinblau B — 6 B,” with many synonyms 
or designations of brands, Parma blue being Aniiinblau R or 
2R/’ 

Conn (op, cit.) writes : “ Anilin blue W.S. should be regarded as a 
group of dyes rather than a simple dye. The composition of the various 
commercial products sold under this name is uncertain.” Conn mentions 
that Water Blue ” (see next paragraph) is also a synonym for Anilin 
Blue. The name ‘‘Cotton Blue” is also applied to “Methyl Blue,” 
and “ Annin Blue.” 

Lee found it a fairly good stain, giving very good differentiations 
of nerve-tissue and of cartilage (as has already been pointed out by 
BAUMGAriTEN and by Jacoby). Maubice and Schulgin stain 
in bull^ with it after borax-carmine, using a very dilute alcoholic 
solution. Baumgarten and Jacoby stain sections in a 0-2 per 
cent, alcoholic solution. 

Tonkofe (Arch, 7nik. A7iat, Ivi, 1900, p. 394) adds a little 
tincture of iodine to the solution of the dye, or mordants the 
sections with iodine. 

Skrobansky (hitern. Moiiatsschr, Anat^ xxi, 1905, p, 20) uses 
it in water with picric acid. 

349. Carmine Blue (Bleu Carmin Aqueux). Janssens (La Cellule, 
ix, 1893, p. 9) states that this colour possesses a special affinity for 
the parts of cytoplasm that are undergoing cuticular differentiation. 
He uses it in alcoholic solution acidified. 

350. Methyl Blue. Under this title are comprised some other 
derivatives of the base rosanilin. They are “acid” colours. 
Here belong Methyl Blue, Cotton Blue, Water Blue, Methyl Water- 
Blue, China Bliie, Soluble Blue. See § above. 

Amongst these Water Blue possesses some useful properties. 
According to Mitrophanow (quoted from ZeU, wiss, Alik., v, 
1888, p. 513), used in concentrated aqueous solution it gives a 
very good double stain with safranin. It is very resistant to 
alcohol. Using the Water Blue first, and then the safranin, Lee 
has had some interesting results. The Water Blue must be used 
first. With chrome-osmium material, tw^elve to twenty-four 
hours in the blue, and four or five in the safranin may not be too 
much. Lee’s stains have not kept well. 

Mann (Alethods, etc., p, 216) uses a mixture of 35 parts 1 per 
cent, solution of eosin, 45 of methyl blue 1 per cent., and 100 of 
water. He has bX$o (Zeit. xms. 'Mik,, xi, 1894, p. 490) used a 
similar mixture for nerve-cells. 

This is a famous stain. To get it right you must have the 
proper specimens of stains. This applies more to eosin than to 
the other stain. If the made-up stain is red, or blue, it is incorrect, 
it should be neither of these colours, but a reddish-purple."^ 

For further iiifomiation refer to § 707. 
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351. Violet' B (or Methyl Violet B) (S. Mayeb, Siizb, k. k. Akad. wiss, 
W'iefii iii, Abtli., February, 1882). Used in solutions of 1 grm. of the 
colour to 300 grm. of 0*5 per cent, salt solution, and with fresh tissues 
tliat have not been treated with any reagent whatever, this colour is said 
to give a stain’ so selective of the elements of the vascular system that 
favourable objects, such as serous membranes, appear as if injected. 
Tlie preparations do not keep well ; acetate of potash is the least unsatis- 
factory mediimi for mounting them in, or a mixture of equal parts of 
glycerine and saturated solution of picrate of ammonia {Anat, Anz., 
1892 , p. 221 ). See also under “ Plasma-fibrils.” 

The allied dye, Crystal Violet (Gentian Violet), has been employed 
for staining sections, e.g, by Kromayer and others. For Benda, 
see § 907, refer also to “ Chromosomes,” Chapters XXVI and LL 

According to Conn (op. cit) synonyms are : Violet C, G, or 7B, 
Ilexamethyl violet, methyl violet lOB, gentian violet. Solubility of 
Conn’s specimen, at 26° C., in water 1-68 per cent., in alcohol 13-87 per 
cent. 

Kresyl Violet. An oxyazin dye, giving metachromatic stains. 
Hebxheimer {Arch. mik. AnaL, liii, 1899, p. 519, and liv, p. 289) stains 
sections of skin with Kresyl-echtviolett. Nuclei blue, plasma reddish. 
Similarly I’ick (Centralb. allg. Path., xiii, 1902, p. 987 ; Zeit. wiss. Mik., 
XX, 1903, p. 223), staining for three or four minutes in a concentrated 
aqueous solution, and differentiating in alcohol until the connective 
tissue has become colourless. Keratohyalin violet-red to salmon- 
coloured. 

352. Benzoazurin may be made to give either a diffuse or a nuclear 
stain, according to IVIartin (see Zeit. wiss. Mik., vi, 1889, p. 193). 

353. Rawitz “ Inversion ” Plasma Stains. It has been discovered 
by Rawitz that by means of appropriate mordants certain basic anilins, 
wlileh by the usual methods of regressive staining are pure chromatin 
stains, may be made to afford a pure plasma stain, thus giving an 
** inversion ” of the usual stain. The stain is a vile one. For details 
see fourth edition, or Rawitz (Sitzh. Gesnaturf. Freunde, Berlin, 1894, 
p. 174 ; Zeit. wiss. Mik., xi, 1895, p. 503 ; and his Leitfaden f. hist. 
Untersuchungen, Jena, lS95,p. 76). 

354. Artificial Alizarin (Rawitz, Anat. Anz., xi, 10, 1895, p. 295). 
A double stain by means of artificial Alizarin, or Alizarin-cyanin, 
requiring the use of special mordants supplied by the colour manu- 
facturers, and very complicated. See fifth edition. 

Rawitz {Zeit. wiss. Mik., 1909, pp. 393 and 395) also recommends 
a solution of 1 grm. of Saure-AIizarinblau BB (or Sauregriin G) (both 
from Hochst), 10 grm, ammonia alum, 100 c.c. glycerine, and 100 c.c. 
water. 

Sziixz (ibid., xxix, 1912, p. 289) fixes in a mixture of 15 c.c. 1 per 
cent, platinum chloride, 15 c.c. formol, and 30 c.c. saturated solution of 
sublimate, makes paraffin sections, and stains them with Heidenhain’s 
iron-haematoxylin. They are then treated for from five to six hours 
with 5 per cent, solution of aluminium acetate, rinsed, and stained for 
from five to six hours with Benda’s sulphalizarinate of soda (given 
under “Mitochondria”), and got into balsam, A red plasma stain, 
afiecting plasmafibrils. For intra-niiam stains with alizarin see 
Fischel, Nilsson, Zool. Anz., xxxv, i909, p. 196. , 

355. For Benda’s Alizarin Stains, “ Mitochondria,” § 907. 
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NUCLEAR STAINS WITH COAL-TAR DYES^ 

356. Introduction. Very few coal-tar dyes give a precise 
nuclear or chromatin stain by the progressive method (§ 234). 
Two of them — methyl green and Bismarck brown — are pre- 
eminently progressive chromatin stains. Many of the others — 
for instance^ safranin, gentian, and especially dahlia — may be 
made to give a progressive nuclear stain with fresh tissues by 
combining them with acetic acid : but in general are not so 
suitable for this kind of work as the two colours first named. 

Again, very few coal-tar dyes give a pure plasmatic stain (one 
leaving nuclei unaffected). The majority give a diffuse stain, 
which in some few cases becomes by the application of the regressive 
method a most precise and splendid chromatin stain. 

But plasma staining is generally done by the progressive 
method. 

The basic aniline dyes were at one time greatly in vogue for the 
staining of chromatin in researches on the structure of nuclei. 
They have been little used for that purpose since the working 
out of the iron heematoxylin process, which gives a more energetic 
stain. But they may still be useful as a means of controlling the 
iron haematoxylin process, which frequently stains all sorts of 
things besides chromatin, which does not occur with the best tar 
colour stains. 

The acid and neutral aniline dyes afford some of our best plasma 
stains. 

We recommend—for staining nuclei of fresh tissues, methyl 
green ; for staining nuclei of fixed tissues by the regressive method, 
safranin for a red stain, and gentian violet or Thionin for a blue 
one; as a plasma stain for sections, Saurefuchsin ; for entire 
objects, picric acid. 

A. PROGRESSIVE STAINS 

357, Methyl Green. (See § 314.) This is the most common in 
commerce of the ‘‘ aniline ■’ greens. It is a basic dye. It appears 
to go by the synonyms of Metkyl-aniUne green ^ Grunpulver^ Vert 
Ltmiere, Lichtgrun ; these two last are in reality the name of 
another colour. When first studied by Calberla, in 1874 {MorphoL 
Jahrh,, iii, 1887, p. 625), it went by the name of Vert en cristaiKv, It 
is commonly met with in commerce under the name of more costly 
greens, especially under that of iodine gr een. It is important 

♦ For further details, see Conn, op. ciL 

■■ m ■ 
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not to confuse it with the latter, nor with aldehyde green ( Vert 
dlMsebe), nor with the phenylated rosanilines, Paris and 

Vert d^JlcoM, or Veridine, 

Methyl green is the chloromethylate of zinc and pentamethyl 
rosaniliiie-iiolet. It is obtained by the action of methyl chloride on 
methyl violet. The commercial dye always contains inconverted 
methyl violet as a consequence of defective purification. It is some- 
times adulterated with aniline blue (soluble blue). It is also sometimes 
adulterated with a green by-product of the manufacture — the chloride 
of mona-methyl-para-leukanilin. See Benedikt and Knecht’s 
Chemistry of the Coal-tar Colours. For tests for purity see Mayer, 
Mitth. ZooL Stat Neapel, xii, 1896, p. 312, and Fischer, Fixirung, 
Fdrbting, w. Bau des Protoplasmtis, p. 89. 

]\Iethyl green is extremely sensitive to alkalies. It is therefore 
important to use it only in acidified solutions and to use only acid, or 
at least perfectly neutral fluids, for washing and mounting. 

This was at one time an extremely important histological reagent. 
Its chief use was as a chromatin stain for fresh, unfixed tissues. For 
this purpose it should be used in the form of a strong aqueous solution 
containing a little acetic acid (about 1 per cent, in general). The 
sohitions must always he acid. If the tissues have been previously 
fixed with acetic acid you will not get a chromatin stain. The same 
applies to fixation with acetic acid sublimate ; whilst pure sublimate 
will allow of a chromatin stain (Burckhardt, La Cellule^ xii, 1897, 
p. 364). You may wash out with water (best acidulated) and mount 
in some acid aqueous medium containing a little of the methyl green 
in solution. The mounting medium, if aqueous, must be acidulated. 

Employed in this way, with fresh unfixed tissues, methyl green is a 
pure chromatin stain, in the sense of being a precise colour reagent for 
chromatin. For in the nucleus it stains nothing but chromosomes or 
eliromatin elements ; it does not stain plasmatic nucleoli (unless 
Indeed these contain chromatin), nor caryoplasm, nor achromatic 
filaments. Outside the nucleus it stains some kinds of cytoplasm and 
some kinds of formed material, especially glandular secretions (silk, 
for instance, and mucin). The chromatin elements are invariably 
stained a bright green (with the exception of the nuclein of the head 
of some spermatozoa), whilst extra-nuclear structures are in general 
stained in tones of blue or violet. But this metachromatic reaction is 
probably due to the methyl-violet impurity, and is not obtained with 
a chemically pure methyl green. 

Staining is instantaneous ; overstaining never occurs. The solution 
is very penetrating, kills cells instantly without swelling or other 
change of form, and preserves their forms for at least some hours, so 
that it may be considered as a delicate fixative. It may be combined 
tmikout precipitating with divers fixing or preserving agents. Osmic 
acid (of 0*1 to 1 per cent.) may be added to it, or it may be combined 
with solution of Ripart and Petit (this is an excellent medium for 
washing out and mounting in). 

Alcoholic solutions may also be used for staining. They also should 
be acidulated zcith acetic add. 

The stain does not keep easily. It is difficult to mount it satisfac- 
torily in balsam, because the colour does not resist alcohol sufficiently 
(unless this be cliarged with the colour). The resistance of the colour 
to alcohol is, however (at all events if it be used in the Ehrlich-Biondi 
combination), considerably increased by treating the sections for a few 
minutes with tincture of iodine before staining (M. Heidenhain). 
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Of preparations mounted with excess of colour in the usual aqueous 
media j Lee found the most fortunate only survive for a few months. 
Dr. Henneguy, however, writes that it keeps well in Beun’s glucose 
medium. 

Lee mentions that it was first pointed out by Heschl (Wiener med. 
Wochenschr.^ 2, 1879), that methyl green is a reagent for amyloid 
degeneration. His observations were confirmed by Cubschmann 
(Virchow'' s Arch., voL Ixxix, 1880, p. 556), who show^ed that it colours 
amyloid substance of an intense violet ; but this, as pointed out by 
Squire (Methods and Formulce, etc., Churchill, 1892, p. 87), is un- 
doubtedly due to its containing methyl violet as an impurity. 

358. Bismarck Brown (Manchester Brown, Phenylene Brown, 
Vesnvin, La Phenicienne). A fairly pure nuclear stain that will 
work either with fresh tissues or with such as have been hardened 
in chromic acid, or otherwise. It is a basic dye. Solubility at 
26"^ C. in water 1-36 per cent., in alcohol 1*08 per cent. 

The dye is not very easily soluble in water. Conn says you may 
not boil it as was advised by Weigeet (in Arch, mik, AnaU, xv, 1878, 
p. 258). You may add a little acetic or osmic acid to the solution. 
Maysel (ibid., xviii, 1880, pp. 237, 250) dissolves the colour in acetic 
acid (this solution does not give a permanent stain). Alcoholic solutions 
may also be used, e.g. saturated aqueous solution diluted with one- 
third volume of 90 per cent, alcoholic ; or Calberla’s glycerine-and- 
alcohol mixture of dilute glycerine (say of 40 per cent, to 50 per cent.) 
may very advantageously be employed. 

The watery solutions may be frequently filtered (but then much of 
the colour is retained on the filter). The addition to them of carbolic 
acid has been recommended (vide Journ. Roy. Mic. Soc,, 1886, p. 908). 
Bismarck brown stains rapidly, but never overstains. The stain is 
permanent both in balsam and in glycerine. 

This colour may be used as a chromatin stain for fresh tissues in the 
same way as methyl green. Heela (Arch. Biol., xiii, 1893, p. 423) 
employs for ova of Ascaris a mixture of 0*25 grm. vesuvin, 0*25 grm. 
malachite green, 10 of glycerine and 100 of water, and washes out with 
weak glycerine. 

The chief use of this colour is for progressive staining ; but it may 
be employed for staining by the regressive method (see § 241), and 
also for intra-mtam staining (§ 769) (for this purpose it is necessary to 
see that the colour employed be pure and neutral). 

Bismarck Brown Y. G. W. Blaydes (Stain Tech., 14, 1939) uses 
1 per cent, aqueous solution with 5 per cent, phenol. Mix, leave for 
one hour, filter, keeps indefimtely. 

358. bis. Other Progressive Stains. Most of the basic tar colours 
used for regressive staining will also give by the progressive method a 
nuclear stain of greater or less purity if used in solutions acidified 
with acetic acid. Amongst these may be mentioned thionin, which 
need not even be acidified ; also, for fresh tissues especially, gentian 
violet, dahlia, and toluidin blue, (See under ‘‘ Frozen Sections,” § 228.) 

359. Chlorazol Black E* This is an acid i>oly-azo dye produced 
by British Dyestuffs Corporation ; National Aniline and Chemical 
Co. call it Erie Black G. X. 00, I.E. Du Pont de Nemours Co. — 
Pontaniine Black E. It was introduced as a biological dye by 
H. G. Caknon in 1937 {Nature^ 139, 549). There are foiir black stains 
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Iron Alum Haematoxylins, Sudan Black B, Kernsciiwarz 
and Chlorazol Black, all except Kernschwarz, of importance 
f 3 ecaiise they are black, and this means less eye strain and better 
photo-micrography. After Zenker, chlorazol black stains nuclei 
black and cytoplasm greenish grey. The stain is used as follows : 
place sections in fresh, unfiltered 1 per cent, chlorazol black in 
70 per cent, for five to ten minutes. Drain off and upgrade, clear 
and mount in balsam. 

Conn {Stain Coynmission Circular) rfientions that muscle , is 
decidedly black, nucleoli black, R.B.C.’s yellowish green, kidney 
and intestines green grey to black, epithelial cells in embryo outr 
lined black. Levine and Moerill {Stain Tech.^ 16, 1941) mention 
that the dye picks out elastic fibres (thirty minutes in 0*5 per cent, 
solution in 70 per cent, alcohol). 

Botanists have become interested in this dye (§ 1338). Results are 
best after Bouin, Duboscq-Beasil or Zenker ; F. D. Armitage 
{Traiu Brit. Mijcol. Soc., xxvii, 1944 (is now recommending 
ah, white methyl alcohol as a solvent instead of 70 per cent, ethyl 
aleoliol to increase energy of staining. Armitage has been dehy- 
drating after staining in 70 per cent, alcohol, in dioxan, and 
mounting in sandarac camsal dioxan (§ 461). Cannon states 
that differentiation of the stain can be done in pyridine. La 
Page uses dilute Milton ” for this purpose. As to its permanence,- 
Cannon’s preparations made four years or more ago are still 
excellent, but he says that stained specimens left in benzyl alcohol 
fade badly. If used for cleaning, this must be washed out well in 
xylol before mounting in balsam. 

It has been stated that chlorazol black rivals iron alum hsematoxylin. 
Bouin material stained in C.b. looks very like Heidenhain, but in our 
hands C.b. never gave such sharp results as a good Harris or Delafield. 
In its present form it is not likely to replace any good alum haematoxylih^ 
for general work. Gatenby and Moussa have used it for phase contrast 
work. (See La Cellule and J. R. M. S.^ 1949.) 

J. R. Baker {Nature, 147, 1941) points out that chlorazol black E 
possesses unusual ability to be taken up quickly and completely by the 
reticuio-endothelial system, A 1 per cent, solution in distilled water 
is convenient for subcutaneous injection into mice. The dye is noii- 
toxic and is not excreted. Vitally stained preparations may be counter- 
stained with safranin and orange G after Zenker’s fixation. 

C. Dobell {Farasit., xxx, 1938) finds that in Entamoeba this dye 
stains nuclei and chromatoid body black, cyst walls grey, glycogen red. 

H. G. Cannon (J. R. M. S., vol. 61, 1941), in addition has intro- 
duced several new dyes ; “ Lignin pink ” which has an affinity for 
lignin in plant tissue ; ** Hickson purple ” of use in differentiating 
blood cells, ‘‘ Marshall red,” of use in combination with “ Victoria 
green G.” “ Beyer brown,” a good tissue stain similar to Ehrlich’s 

hematoxylin. “ Victoria green G,” stains differently in aqueous and 
in alcoholic solution, and gives good double staining effects with 
“Hickson purple” or ‘‘ Marshal red,” These dyes are essentially 
nuclear stains, “ Manchester blue ” and “ Owen’s ” blue have also 
pro\'cd useful on plant tissue. (See also 1338.) 
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B. REGRESSIVE STAINS 

360. The Practice of Regressive Staining : The Stainiiig Bath* 
Sections only, or material that is thin enough to behave like 
sections, such as some membranes, can be stained by this method. 

The solutions employed are made with alcohol, water, or aniline, 
or sometimes other fluids, according to the solubility of the 
colour. There seems to be no special object in making them with 
alcohol if water will suffice, the great object being to get as strong 
a solution as possible. Indeed, the solutions made with strong 
alcohol are found not to give quite such good results as those 
made with water or weak alcohol. Alcohol of 50 per cent, strength, 
however, may be said to constitute a very generally desirable 
medium. The sections must be very thoroughly stained in the 
solution. As a general rule they cannot be left too long in the 
staining fluid. With the powerful solutions obtained with aniline 
a few^ minutes or half an hour will usually suffice, but to be on the 
safe side it is frequently well to leave the sections tw^elve to 
twenty-four hours in the fluid. Up to a certain point the more 
the tissues are stained the better do they resist the washing-out 
process, which is an advantage. Some workers, indeed, prefer 
weak solutions ; so Heidenhain, Emyk. rnik. Technik, i, pp. 438, 
434 ; but the nature of the fixing agent should be taken into 
account. 

Material fixed in chromic or ehromo-osmic mixtures gives a 
sharper and more selective stain than material fixed in sublimate 
or the like. In fact, to ensure the best results, only material fixed 
in chromic mixtures (or Hermann’s fluid) should be employed. 

During the staining the tissues become oierstained, that is, 
charged with colour in an excessive and diffuse manner. The 
stain must now be differentiated by removal of the excess of 
colour. 

361. Differentiation. This is generally done with alcohol, 
sometimes neutral, sometimes acidulated (with HCl). The stained 
sections, if loose (celloidin sections), are brought into a watch- 
glassful of alcohol ; if mounted in series on a slide, they are 
brought into a tube of alcohol (differentiation can be done by 
simply pouring alcohol on to the slide, but it is better to use a 
tube or other bath). It is in either case w^ell to just rinse the 
sections in water, or even to wash them well in it, before bringing 
them into alcohol. 

The sections in the watch-glass are seen to give up their colour 
to the alcohol in clouds, which are at first very rapidly formed, 
afterwards more slowly. The sections on the slide are seen, if 
the slide be gently lifted above the surface of the alcohol, to be 
giving off their colour in the shape of rivers running dowm tlie glass. 
In a short time the formation of the clouds or of the rivers is seen 
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to be on the point of ceasing ; the sections have become pale and 
somewhat transparent, and (in the case of chrome-osmium objects) 
have changed colour, owing to the coming into view of the general 
ground colour of the tissues. (Thus chrome-osmium-safranin 
sections turn from an opaque red to a delicate purple.) At this 
point the differentiation is complete, or nearly so. 

It is generally directed that absolute alcohol be taken for 
differentiation. This may be well in some cases, but in general 
95 per cent, is found to answer perfectly well, Heidenhain 
(Enzyk,, i, p. 484) takes methyl alcohol. 

The hydrochloric-acid-alcohol extracts the colour much more 
quickly from resting nuclei than from kinetic nuclei. Therefore, 
washing out should be done with neutral alcohol whenever it is 
desired to have resting nuclei stained as well as dividing nuclei ; 
the acid process serving chiefly to differentiate Jcaryokinetic figures. 

The proportion of HCl with which the alcohol should be acidified 
for the acid process should be about 1 : 1000 or less; seldom 
more. 

The length of time necessary for"^differentiating to the precise 
degree required varies considerably with the nature of the tissues 
and the details of the process employed ; all that can be said is 
that it generally lies between thirty seconds and two minutes. 
The acid process is vastly more rapid than the neutral process, 
and therefore of course more risky. 

There exists also a method of differentiation known as substitution — 
one stain being made to wash out another. Thus methylene blue and 
gentian violet are discharged from tissues by aqueous solution of vesuvin 
or of eosin ; fuchsin is discharged from tissues by aqueous solution of 
methylene blue. The second stain “ substitutes ” itself for the first in 
the general “ ground ” of the tissues, leaving, if the operation has been 
successfully carried out, the nuclei stained with the first stain, the 
second forming a contrast ” stain. In the paper of Resegotti in Zeit, 
wiss. Mik,, V, 1888, p. 820, it is stated as a very general rule that colours 
that do not give a nuclear stain by the regressive method will wash out 
those that do. But Resegotti used the second colour in alcoholic 
solution ; so that it remains uncertain how far the differentiation should 
be attributed to the second colour itself, and how far to the alcohol 
used as a vehicle. The same remark applies to Benda’s Safranin-and- 
Liehtgriin process. - 

362. Clearing. After due differentiation, the extraction of the 
colour may be stopped by putting the sections into water, but the 
general practice is to clear and mount them at once. 

You may clear with clove oil or anilin, which will extract some 
more colour ixom the tissues. Oi' you may clear with an agent 
that does not attack the stain (cedar oil, begamot oil, xylol, 
toluol, etc. ; see the chapter on Clearing Agents). If you have 
used neutral alcohol for washing out, you had perhaps better 
clear with clove oil, as neutral alcohol does not always, if the 
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staining lias been very prolonged, extract the colour perfectly 
from extra-nuclear parts. But if you have not stained very 
long, and if you have used acidulated alcohol for washing out, 
clove oil is not necessary, and it may be better not to use it, as 
it somewhat impairs the brilliancy of the stain. A special pro- 
perty of clove oil is that it helps to differentiate karyokinetic 
figures, as it decolours resting nuclei more rwpidly than those in 
division. 

Some colours are much more sensitive to the action of clove 
oil than others ; and much depends on the quality of this much- 
adulterated essence. New clove oil extracts the colour more 
quickly than old, and anilin than clove oil. 

Series of sections on slides are conveniently cleared by pouring 
the clearing agent over them. 

After clearing you may either mount at once in damar or balsam, 
or stop the extraction of the colour, if clove oil has been used, 
by puttmg the sections into some medium that does not affect 
the stain (xylol, cedar oil, etc.). Chloroform should be avoided, 
eitiier as a clearer or as the menstruum for the mounting medium. 

363. General Results. The results depend in great measure on 
the previous treatment of the tissues. If you have given them a 
prolonged fixation in Flemming’s strong chromo-aceto-osmic 
mixture, and have differentiated after staining with acid alcohol 
and cleared with clove oil, you will get, with some special excep- 
tions, nothing stained but nucleoli and the chromatin of dividing 
nuclei, that of resting nuclei remaining unstained. If you have 
given a lighter fixation, with Flemming’s weak mixture or some 
other fixing agent not specially inimical to staining, and have 
differentiated after staining with neutral alcohol, you will get the 
chromatin of resting nuclei stained as w^ell. Either process may 
also stain mucin, the ground-substance of connective tissues 
(especially cartilage), the bodies of Nissl in nerve-cells, and the 
yolk of ova. 

364. Hennegliy’s Permanganate Method (Journ. de VAnat et de la 
Physiol., xxvii, 1891, p. 397). Sections are treated for five minutes with 
1 per cent, solution of permanganate of potassium. They are then 
washed with water and stained (for about half the time that would have 
been taken if they Jmd not been mordanted with the permanganate) in 
safranin, riil)in, gentian violet, vesuvin, or the like, and are differentiated 
with alcohol, followed by clove oil in the usual way. 

The mordanting action of the permanganate is so energetic that if it 
has been overmuch prolonged before staining with safranin, or, still 
more, with rubin, it becomes almost impossible to differentiate the 
sections properly ; it may be necessary to leave them for a month or 
more in clove oil. 

365. OimMACHER’s Formaldehyde Process {Medical News, February 
16th, 1895). Ohlmacher states that formaldehyde is a powerful 
mordant for tar colours. Tissues may either be mordanted separately 
by treatment for a short time (one minute is enough for cover-glass 
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preparations) with a 2 per cent, to 4 per cent, formalin solution ; or the 
formalin may be combined with the stain. One grm. of fuchsin or 
methylene blue dissolved in 10 c.c. of absolute alcohol may be added to 
100 c.c. of 4 per cent, formalin solution. Sections are said to stain in 
half a minute and to resist alcohol much more than is the case with 
those treated by the usual solutions. 

366. Safranin. One of the most important of these stains, on 
account of its power, brilliancy, and permanence in balsam, and 
the divers degrees of eiectivity that it displays for the nuclei and 
other constituent elements of different tissues. Solubility at 
26° C. ; in water 5*45 per cent., in alcohol 3-41 per cent. 

The great secret of staining with safranin is to get a good safranin. 
In ordering it is well to specify whether you want it for staining 
nuclei or for staining elastic fibres, or for what other purpose you 
may require it. There are presumably at least a score of sorts 
of safranin on the market, differing to a considerable extent in 
colour, weight, solubility, and histological action. Some are 
easily soluble in water and not so in alcohol, some the reverse, 
and some freely soluble in both. The brand Lee had been using 
for a long time, which gave good results, was the “ Safranin O ” 
of Grilbler & Co. 

Conn (op* cit) writes : “ Griibler & Co. sell four types of safranin ; 
safranin pur, safranin gelb, safranin O wasserloslich, and safranin sprit- 
loslich. The first of these is apparently methylene violet, the others are 
Safranin O.” 

Stainmg* The majority of safranins are not sufficiently soluble 
in water, so tliat solutions in other solvents must be employed. 

Pfitzneb (Morph. Jdhrh., vi, p. 478, and vii, p. 291) advised 
a solution of safranin 1 part, absolute alcohol 100 parts, and 
water 200 parts, the last to be added only after a few days. 

Flemming (Arch. mik. Anat, xix, 1881, p. 317) used a con- 
centrated solution in absolute alcohol, diluted with about one- 
half of water. 

Babes (ibid., 1883, p. 356) used (a) a mixture of equal parts 
of concentrated alcoholic solution and concentrated aqueous 
solution (this is very much to be recommended), or (b) a con- 
centrated or supersaturated aqueous solution made with the aid 

of lieat. . 

Some people still employ simple aqueous solutions. 

The aniline solution of Babes {Zeit wiss. Mik., iv, 1887, p. 470) 
consists of 'Water 100 parts, anilin oil 2 parts, and an excess of 
safranin. The mixture should be warmed to from 60° to 80° C., 
and filtered through a wet filter. This solution will keep for a 
month or two. 

ZWAAEDEM^UCER (iM., iv, 1887, p. 212) makes a mixture of 
about equal parts of alcoholic safranin solution and aniline water 
(saturated solution of amlin oil in water ; — ^to make it, shake up 
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anilm oil with water and filter). This will keep for many months, 
perhaps indefinitely. 

Lee used equal parts of saturated solution in aniline water and 
saturated solution in absolute alcohol. 

Differentiation , — ^For general directions, see § 362. 

Flemming’s acid differentiation {Zeit. wiss, Mik,, i, 1884, 
p. 350). Differentiate, until hardly any more colour comes 
away, in alcohol acidulated with about 0*5 per cent, of hydro- 
chloric acid, followed by pure alcohol and clove oil (You may 
use the HCl in watery solution if you prefer it.) Or you may 
use a lower strength, viz. 0*1 per cent, at most (see Arch, mih 
Anat, xxxvii, 891, p. 249) ; and this is generally preferable. 

Objects are supposed to have been well fixed — twelve hours 
at least — in the strong chromo-aceto-osmic mixture, and stained 
for some hours. In this way you get kinetic chromatin and 
nucleoli alone stained. 

PODWYSSOZKI {Beitr, z. Path, Anat., i, 1886, p. 289) differentiates 
(for from a few seconds to two minutes) in a strongly alcohol 
solution of picric acid, followed by pure alcohol. Same results 
(except that the stain will be brownish instead of pure red). 

Babes recommends treatment with iodine, according to the 
method of Gram (see next section). This process has also been 
recommended by Prenant {Int Monatssch\ Anat., etc., iv, 
1887, p. 368). 

In preparations made with chromo-aceto-osmic acid, safranin 
stains, besides nuclei, elastic fibres, the cell bodies of certain 
horny epithelia, and the contents of certain gland-cells (mucin, 
under certain imperfectly ascertained conditions). 

The stain is perfectly permanent. 

367. Crystal Violet (Gentian Violet)* may be used in aqueous 
solution, or as directed for safranin. This stain is now being 
much used for chromosomes. Solubility at 26° C., in water 2*93 
per cent., in alcohol 15*21 per cent, (crystal violet). See also 
§659. 

Benda {Neurol, Centralb,, xix, 1900, p. 792) stains in a mixture 
of 1 vol. saturated sol. of the dye in 70 per cent, alcohol, 1 vol, 
1 per cent. sol. of hydrochloric acid in 70 per cent, alcohol, and 2 
vols. of aniline water, the liquid being warmed until vapour is given 
off, then cooled and the sections dried with blotting-paper, treated 
one minute with 30 per cent, acetic acid, dehydated with alcohol 
and cleared with xylol. Refer to § 907 for mitochondria and 
granules. 

In some cases it may be useful to employ the method devised 
by Gram for the differentiation of bacteria in tissues (Forischr, 
d, Medicin,, ii, 1884, No. 6; British Med, Jour.^ September 6th, 
1884, p. 486 ; Jour, Roy, Mic, Soc, [N.S.], iv, 1884, p. 817). In 
* Refer especially to §§ 659, 1885. 
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this the sections are treated, after staining, with a solution com- 
posed of — 

Iodine . . . .... 1 grm. 

Iodide of potassium . . . . 2 grm. 

Water . . . ... . 300 „ 

for two or three minutes, until they become black. They are 
then differentiated with neutral alcohol, until they turn grey, 
and are then finally differentiated with clove oil. 

By this process, in resting nuclei the nucleoli alone are stained, 
or the chromatin if stained is pale ; in dividing nuclei the chromatin 
is stained with great intensity, being nearly black in the equatorial 
stage. 

Crystal violet is an exceedingly powerful stain, quite as precise 
as safranin. 

Lee said that the stain keeps well but this does not apply to 
the modern Gentian Violet chromosome preparation. It is more or 
less dichroic, possibly owing to the fact that the dye is not a pure 
substance, but a mixture of “ Krystallviolett ” and methyl violet. 

According to Conn (op. cit.) one should specify “ crystal violet ’’ 
for bacteriological work, or histological work where a deep blue- 
violet is required, or methyl violet 2 B, where in histology a 
reddish shade is wanted. The American Commission on Stains 
proposes to drop the term ‘‘ Gentian Violet ’’ at some later 
period. 

Heemann {Arch. mik. Anat, xxxvi, 1889, p. 58) first stains for twenty- 
four hours or more in safranin, differentiates incompletely with alcohol, 
then stains for three to five minutes in the aniline-water gentian solution, 
treats with the iodine solution for one to three hours, and finally 
differentiates with absolute alcohol. 

368, Thionin.* The hydrochloride of thionin, or violet of 
Lauth, is a colour chemically nearly allied to methylene blue. A 
basic dye, the solubility of which at 26° C. is in water 0*25 per 
cent, and in alcohol 0*25 per cent. Its action is so selective from 
the first that it may almost be considered to be a progressive stain. 
If you stain for only a short time (a few minutes) in a concentrated 
aqueous solution, hardly anything but the chromatin will be found 
to be stained. If the staining be prolonged, plasmatic elements 
will begin to take up the colour. After a short stain no special 
differentiation is required ; all that is necessary is to rinse with 
water, dehydrate, and mount. After a strong stain you differen- 
tiate with alcohol in the usual way, with this advantage, that the 
stain is so highly resistant to alcohol that there is no risk whatever 
of over-shooting the mark ; the stain will not be more extracted 
in an hour than gentian or dahlia is in a minute, so that 

* To be distinguished from Thionin Blue which is usually unsuitable for 

Thionin techniques. ■, 
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the "process may be controlled under the microscope if desired. 
For this reason this stain may be useful to beginners.' It is a 
very powerfol, stain. 

TMonin is a specific stain for mucin, g.a. Some observers have found 
the stain to fade.' ' Wolff {Zeit. wiss, Mik,, xv, 1899, p, 312) says that 
to avoid this, preparations should be mounted in a little solid colo- 
phoniimi or balsam melted over a flame. Felissat and Branca {Jotmi. 
AnaL Phys,^ xxxiv, 1898, p. 590) mount without a cover. Hennegxjy 
{in litt.) clears with acetone. 

King {Ancit, Record^ iv, 1910, p. 236) stains with a saturated solution 
in carbolic acid of 1 per cent., and finds the stain permanent. 

Nicolle’s thionine pheniqu^e consists of 1 part of saturated 
solution in alcohol of 50 per cent., and 5 parts of 2 per cent, 
aqueous solution of phenol. 

369. Other Regressive Stains. The following may be useful 
' Dahlia (Hoffman Violet), according to Flemming {Arch. mih. 
AnM., xix, 1881, p. 317), best used in aqueous solution, either 
neutral or acidified with acetic acid, and differentiated with 
neutral alcohol. A pure blue stain, which keeps well. See also 
ScHUBEEG, in Zeit. wiss. ZooLf Ixxiv, 1903, p. 7, and Ixxxvii, 
1907, p. 557. Conn {op. cit.) states that ‘‘ Dahlia ” is often a 
mixture of basic fuchsin and methyl violet. Various specimens 
differ very much. It is a vital stain for granules. 

'Victoria Blue (VictoriaMau) ■ (Lustgarten, Med. Jahrb. k. Ges. 
d, Aerzte zu IFiVn, 1886, pp. 285“291). This dye (“ Victoriablau 
4 A ”) has a special affinity for elastic fibres. For this object 
Lustgarten recommends an alcoholic solution of the dye diluted 
with 2 to 4 parts of water. Fixation in chrome-osmium, or at 
least in a chromic mixture, is, we believe, a necessary condition 
to this reaction. And you must stain for a long time. 

Victoria has also a special affinity for mucus-cells ^ from which 
it is not washed out by alcohol, and for cartilage. 

This stain keeps well. 

With Toluidin Blue Lee has had some superb stains of chromatin, 
unfortunately accompanied by a diffuse staining of cytoplasm. 

Mann {Zeit. wiss. Mik., xi, 1894, p. 489) states that he has had good 
results by staining with it after eosin. 

See further, as to the micro-chemical properties of this dye, Harbis, 
The Philadelphia Medical Journal^ May 14th, 1898. It much resembles 
methylene blue. 

Metzner (Nagel’s Handb. Phys.^ ii, 1907, p, 915) mordants sections 
before staining, for three-quarters of an hour in iron alum. 

Magdala Red (Naphthalene Red, Rose de Naphthaline). 

Fuchsin (meaning the basic fuchsias, a series of Rosaniline salts 
having very similar reactions, and found in commerce under the names 
of Fuchsin, Aniline Red, Rubin, Rosein, Magenta, Solferino, 
Coeallin). Grasbr {Deutsche Zeit. Chirurgie, xxvii, 1888, pp. 538- 
584 ; Zeit. wiss. Mik., v, 1888, p. 378) stains for twelve to twenty-four 
hours in a dilute aqueous solution, washes out for a short time in alcohol, 
stains for a few minutes in aqueous solution of methylene blue, and 
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cieliyclrates with alcolioL A double stain. Chromatin and nucleoli red, 
all the rest blue. 

369 his, ZiEHLs’ Carbolic Fuchsin {Zeit wiss. Mik., vii, 1890, 
p. 39) consists of basic fuchsin 1 grm., acid, carbol. crist. 5 grm., 
alcohol 10 grm., aq. dest. 100 grm. The stain is differentiated with 
alcohol followed by clove oil. 

Goodpastuke’s Carbol-Fuchsin and Methylene Blue (Am. Jour. 
Path.j i, 1925, 550). This method is very useful for the coloration of 
Negri bodies, bacteria, Rickettsise, and a wide variety of cytoplasmic 
ineiiisions. Sections from Zenker-fixed material are stained for ten 


minutes in : 


Alcohol 20 per cent. 

. . 100-0 c.c. 

Phenol (pure) . . 

. . . 1-0 „ 

Aniline oil . . . . 

. 1-0 „ 

Basic fuchsin 

0-5 grm 


( ‘‘The finely powdered or granular dye dissolves easily and the 
solution is immediately ready for use. Exposure to light and air 
causes a precipitation of the dye in about two months, so that the 
solution becomes weaker and must be discarded. It is convenient 
to keep the required alcoholic solution of fuchsin, and to add the 
phenol and aniline oil when it is desired to make up the stain anew. 
If sections are stained in the solution for an hour or more they gradually 
become useless. In our experience it is safe to stain the sections so 
long as half an hour, but the best results are obtained in ten minutes. 
Wash off the excess stain in running water, blot with filter paper, and 
decolorise in 95 per cent, alcohol until the sections become pink. Wash 
off in water and counterstain fifteen to sixty seconds with Loeffler’s 
methylene blue. Wash in water. Dehydrate and decolorise for a few 
seconds in absolute alcohol (until the excess blue is removed). Clear 
in xylol ; mount in balsam.” 

Loeffler^s Methylene Blue is aq. dest. 99 c.c. ; saturated alcoholic 
(95 per cent, ethyl) solution of methylene blue 30 c.c. ; 1 per cent, 
aq. icon, 1 c.c. A more recent American formula is 30 c.c. of 95 
per cent, alcohol in which dissolve 0-3 grm. of 90 per cent, dye content 
M.B. ; add 100 c.c. of 0*01 per cent, aqueous KOH. 

Kresofuchsin (Rothig, Arch. mik. Anat.^ Ivi, 1900, p. 354). Its 
aqueous solution is red and stains mucus, cartilage, keratin, and nuclei 
red, whilst its alcoholic solution is blue and stains elastin blue. See 
also under “ Connective tissues.” 

Bismarck Brown has this advantage, that being sufficiently resistant 
to alcohol it may be utilised for staining entire objects, 

Kja3'ER:{BiMioth, Zool., H. 7, 1 Halft, 1891; Zeit. wiss. Mik., viii, 
1891, p. 363) stains for forty-eight hours, and at a temperature of 60° C. 
In saturated solution of Bismarck brown in 60 per cent, alcohol (the 
solution to be made in boiling alcohol), and washes out (until all is 
decoloured except the karyokinetic figures) in 60 per cent, alcohol, 
containing 2 per cent, hydrochloric acid or 3 per cent, acetic acid. 
Methyl Violet. See mite, § 367. 

Benzoazurin (I^RTiN, Mik., vi, 3, 1889, p. 193). Stain for 

an hour or so in dilute aqueous solution, and wash out with HCl alcohol. 
Methylene 'Blue.. ■ 

mgrosin (Eereea, Beige de Mik,, 1881, p, 134) gives 

a good stain which resists alcohol well. ^ 

Methyl Green is sometimes useful in certain mixtures (see next 
chapter). 
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370. Methylene Blue is a ‘‘ basic ” d 3 ^e, being the chloride or the 
zinc chloride double salt of tetramethylthionin. It appears some 
persons have confounded it with the “acid” dye methyl blue, 
to which it has not, histologically, any resemblance. 

Commercial methylene blue sometimes contains as an impurity 
a small quantity of a reddish dye, which used to be taken to be 
methylene red. This impurity is present from the beginning in 
many brands of methylene blue, is frequently developed in solu- 
tions of the dye that have been long kept (so called “ ripened ” 
solutions), and is still more frequently found in kept alkaline 
solutions. According to Nocht {Centralb, BakterioL, xxv, 1899, 
pp. 764™769 ; Zeit, wiss. Mik,, xvi, 1899, p. 225) it is not methylene 
red, nor methylene violet either, but a new colour, for which 
Nocht proposes the name “ Roth aus Methylenblau.” 

Conn (op. cit,) says : “ Methylene blue BX, B, BG, BB ; grade 
preferred for biological work, Methylene blue U.S.P. Solubility at 
26° C., in water 3-55 per cent., in alcohol 1*48 per cent.” Methylene 
blue of commerce is generally a double salt, the chloride of zinc and 
methylene blue. The zinc is toxic and there is a zinc free methylene 
blue cMoride, but the zinc free salt is less soluble in alcohol, and for 
staining sections the zinc salt should be specified. For vital staining 
and for medicinal purposes the zinc free must be used. Conn says 
that “ methylene blue is the one stain that the pathologist and bacteriologist 
would have the greatest difficulty in doing withouV'* It is not much used 
however by zoologists, except vitally in cytology. It is still used in 
studies on the nervous system, but its capricious behaviour is dis- 
couraging. We have retained much of the original article by Lee, because 
of the dye’s usefulness in vital staining in neurology and cytology, and 
because this is the only collected account in English of the older tech- 
niques for nerve cells. 

According to [Ceniralh. BakterioL, xxix, 1901, p. 763, 

and XXX, 1901, p. 626 ; Zeit wiss* Mik, xviii, 1902, p. 305, and 
xix, 1902, p. 68), confirmed later by Nocht, Reuter, and Giemsa, 
this dye is Methylenazur, an oxidation-product of methylene blue, 
already described by Bernthsen in 1885. It is an energetic dye, 
of markedly metachromatic action, and to it are due the meta- 
chromatic effects of methylene blue solutions (methylene blue 
itself is not metachromatic). 

The presence of this dye as an impurity in methylene blue is not 
always an undesirable factor ; on the contrary, it sometimes affords 
differentiations of elements of tissues or of cells that cannot be produced 
by any other means. Methylene blue that contains it is known as poly- 
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chrome methylene him, and is employed for staining certain cell-granules, 
Unna {Zeit miss. Mik., viii, 1892, p. 483) makes this as follows : A 
solution of 1 part of methylene blue and 1 of carbonate of potash in 20 
of alcohol and 100 of water is evaporated down to 100 parts. (It may 
be used at once, or after diluting with an equal volume of anilin water, 
for sections, which after staining may be differentiated with glycol, 
creosol, or Unna’s glycerine-ether mixture — all of which, as well as the 
polychrome methylene blue, can be obtained from Griibler. MiCHiELis 
(op. cit,) makes it as follows : 2 gr. of medicinal methylene blue are 
dissolved in 200 c.c. of water, and 10 c.c. of ^ normal solution of 
caustic soda added. Boil for a quarter of an hour ; after cooling add 
10 c.c. of 1^0 normal sulphuric acid, and filter. 

Methylenazur is isolated from methylene blue by the prolonged action 
of an alkali or of silver oxide. It seems also that it is formed in certain 
mixtures of methylene blue with eosin (Romanowsky, Laveran, Giemsa 
and others), by means of the eosin, which in these mixtures acts chemi- 
cally, and can be replaced by resorcin, hydroquinon, and the like. It is 
best procured from Griibler & Holborn, who supply it pure as “ Azur I,” 
and mixed with an equal quantity of methylene blue as ‘‘ Azur II.” 
See further as to this dye under “ Stains for Blood.” See also an 
important paper by Prowazek {Zeit. wiss, Mikr, Tech., 31). 

There are several sorts of methylene blue sold, the most 
important being — ‘‘methylene blue, according to EHBLieH”; 
“ methylene blue according to Koch ” ; “ methylene blue BX, 
according to S. Mayer ” ; “ Methylenblau, medic, pur.” 

The colour to be employed for intra-vitamin nerve staining should 
be as pure as possible. 

371. The Uses of Methylene Blue. As a histological reagejit it 
is used for sections of hardened central nervous tissue, in 
which it gives a specific stain of medullated nerves. It 
stains the basophilous granulations of “ Mastzellen ” and 
plasma-cells, and the granules of Nissl in nerve-cells, also 
mucin. It is much used — in the form of mixtures affording 
methylenazur — in the study of blood, blood parasites, and similar 
objects. For all of these see the respective sections. Further, 
it stains a large number of tissues intra vitam with little or no 
interference with their vital functions. And last, not least, it 
can be made to furnish stains of nerve tissues, intercellular cement 
substances, lymph spaces, and the like, that are essentially 
identical with those furnished by a successful impregnation with 
gold or silver, and are obtained with greater ease and certainty ; 
with this difference, however, that gold stains a larger number 
of the nervous elements that are present in a preparation, some- 
times the totality of them; whilst methylene blue stains only a 
selection of them, so bringing them more prominently before the 
eye, and allowing them to be traced for greater distances. 

372. Staining tw toto during Life. Small and permeable aquatic 
organisms may be stained during life by adding to the water in which 
they are confined enough methylene blue to give it a very light tint. 
After a time they will be found to be partially stained—that is, it will 
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be foiwid that certain tissues have taken up the colour, others remaining 
colourless. If now you put back the animals into the tinted water and 
wait, you will find after a further lapse of time that further groups of 
tissues have become stained. Thus it was found by Ehrlich { Biol , 
Centralb,, vi, 1886, p. 214) ; Abh, /c. Akad. Berlin, February 25th, 
1885) that on injection of the colour into Imng animals axis-cylinders 
of sensory nerves stain, whilst ‘motor nerves remain colourless. (The 
motor nerves, however, will also stain, though later than the sensory 
nerves.) It might be supposed that by continuing the staining for "a 
sufficient time, a point would be arrived at at wffiieh all the tissues 
would be found to be stained. This, however, is not the case. It is 
always found that the stained tissues only keep the colour that they have 
taken up for a short time after they have attained the maximum degree 
of coloration of which they are susceptible, and then begin to discharge 
the colour even more quickly than they took it up. According to 
Ehrlich tliis decoloration is explained as follows ; methylene Mue, 
on contact with reducing agents in alkaline solution, can be reduced 
to a colourless body, its “ leucobase.” Living tissues readily reduce 
methylene blue. The leueobase thus formed is easily reoxidised into 
methylene blue by oxidising substances, or acids, or even by the mere 
contact of air — which latter property is taken advantage of in practice. 

It follows that a total stain of all the tissues of a living intact organism 
can hardly be obtained under these conditions, but that a specific stain 
of one group or another of elements may be obtained in one or two 
ways. If the issue to be studied be one that stains earlier than the 
others, it may be studied during life at the period at which it alone has 
attained the desired intensity of coloration. If it be one that stains 
later than the others, it may be studied at the period at which the 
earlier stained elements have already passed their point of maximum 
coloration and have become sufficiently decoloured, the later stained 
ones being at a point of desired intensity. Or the observer may fix the 
stain in either of these stages and preserve it for leisurely study by 
means of one of the processes given, § 377. 

The proper strength of the very dilute solutions to be employed for 
the staining of living organisms must be made out by experiment for 
each object. We think the tint is practically a sufficient guide, but it 
may be stated that when in doubt a strength of 1 ; 100,000 may be 
taken, and increased or diminished as occasion may seem to require. 
ZoJA (Rendic, R. IsL Lombardo, xxv, 1892 ; ZeU. wiss, Mik., ix, 1892, 
p. 208) finds that for Hydra the right strength is from 1 : 20,000 to 
1 : 10 , 000 . 

The stain is capricious. It is not possible to predict without trial 
which tissues will stain first in any organism. The stain penetrates very 
badly, which is no doubt one cause of its capriciousness. Gland cells 
generally stain early ; then, in no definable order, other epithelium cells, 
fat cells, plasma cells, “ Mastzellen,” blood and lymph corpuscles, 
elastic fibres, smooth muscle, striated muscle. There are other elements 
that stain in the living state, but not when the staining is performed liy 
simple immersion of intact animals in a dilute staining solution in the 
manner we are considering. Chief amongst these are nerve- fibres and 
ganglion-cells, which remain unstained in the intact organism. To get 
these stained, it is necessary to isolate them sufficiently, as explained 
in the following sections. 

373. Staining Nervous Tissue during Life. Ehelich {op. cit., 
last §) found that by injecting a solution of methylene blue into 
the vessels or tissues of living animals and shortly after- 
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wards cutting out and examining small pieces of their tissues, 
these will be found to be intensely stained in some of their ele- 
ments (chiefly nervous). If the tissues are mounted under a 
cover-glass, the stain will fade in a short time ; but if the cover- 
glass be removed, so that oxygen can have access to the tissues, 
the stain will be restored, as explained last §. The chief elements 
stained in this way are peripheral nerves, and amongst these 
more especially axis-cylinders of sensory nerves. 

Ehrlich held that the stain so obtained is a product of a vital 
reaction of the tissues, and that" it cannot be obtained with dead 
material. Bogiel, however {Arch. mik. Anat,, xxxv, 1890, 
pp. 305 et seq.), found that muscle nerves of limbs of the frog 
could be stained as much as from three to eight days after the 
limbs had been removed from the animal. He concludes, indeed, 
that the reaction shows that the nerves were still living at that 
time. But it seems more natural to conclude with ApAthy 
{Zeit wiss. Mik,, ix, 1892, pp. 15 et seq,) that nerve-tissue can be 
stained after life has ceased. Apathy has directly experimented 
on this point, and sums up the necessary conditions as follows : 

The tissue need not be living, but must be fresh ; nothing must 
Iiave been extracted from it chemically, and its natural state must not 
have been essentially changed by physical means. For example the 
tissue must not have been treated with even dilute glycerine, nor with 
alcohol, though a treatment for a short time with physiological salt 
solution is not very hurtful ; it must not have been coagulated by heat. 
Michailow (ibid,, xxvii, 1910, p. 7) prefers tissues that have lain from 
one and a half to two hours after the death of the subject in Ringer’s 
salt solution. 

As above explained, the primary stain obtained by injecting 
methylene blue, or immersing tissues in it, only lasts a very short 
time. In order to get it to last long enough for study, it must be 
re-blued by oxidation (see last §). It is therefore the usual practice 
to dissect out the tissues to be examined, and leave them for some 
time exposed to the air. This is done in order that they may take 
up from the air the necessary oxygen, Ehrlich also (op, cit,) 
holds that an alkaline reaction of the tissues is a necessary 
condition to the stain. ApAthy tother holds that the stain is 
a regressive one, easily washed out by the surrounding liquid ; 
and in order to prevent this wmshing-out being excessively rapid, 
it is desirable to have it go on in presence of as little liquid as 
possible. 

374. The Modes of Staining. The practice of the earlier workers at 
this subject was (following Ehelich) to inject methylene blue into the 
vascular system or body-cavity of a living animal, wait a sufficient time, 
then remove the organ for further preparation and study. And 
there appears to have been a belief with some workers that it was 
essential that the stain should have been brought about by injection 
of the colouring matter into the entire animal. It is now known that the 
reaction can often be equally well obtained by removing an organ and 
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subjecting it to a bath of the colouring matter in the usual way. But in 
some cases it seems that injection is preferable, if not necessary. (See 
also W. H. Feindel and A. C. Allison. Nature^ Lond,y 1948^ 161, Brain, 
1947, 70. J. Anat., 1941, 76. Science, 1948, 107. 

375. The Solutions Employed. The solutions used for injection 
generally made in salt solution (physiological, or a little weaker) ; 
those for staining by immersion, either in salt solution or other ‘‘ in- 
different ” liquid, or in pure water. The earlier workers generally 
took concentrated solutions. Thus Ahnstein (Anat. Anz., 1887, 
p. 125) injected 1 c.c. of saturated (i.e., about 4 per cent.) solution 
into the vena cutanea magna of frogs and removed the organ to be 
investigated after the lapse of an hour. Biedermann (Sitzb. Akad. 
wiss, Wem. Math. Nat CL, 1888, p. 8) injected 0-5 to 1 c.c. of a nearly 
saturated solution in 0*6 per cent, salt solution into the thorax of cray- 
fishes and left the animals for from two to four hours before killing 
them. S. Mayer {Zeit toiss. Mik., vi, 1889, p. 423) took a strength 
of 1 : 300 or 400 of 0*5 per cent, salt solution. The solutions of Retries 
are of the same strength. But the tendency of more recent practice 
is decidedly towards the employment of weaker solutions. Apathy 
{ibid,, ix, 1892, pp. 25, 20 et seq,) finds that it is not only superfluous, 
but positively disadvantageous, to take solutions stronger than 1 : 1000. 
Dogiel (Enzyk. Mik, Teclmik,, 1st ed., p. 815) recommends i to J 
per cent, or at most J per cent. For warm-blooded animals the solution 
should be warmed to 36° or 37° C., and before injecting the blood- 
vessels should be well washed out with similarly warmed salt solution. 
The injected organs may be removed after twenty to thirty minutes. 
They should be placed on a thin layer of spun glass moistened with 
weak (J to xV cent.) methylene blue, or simply spread out on a 
slide, and the whole placed in a Petri dish with a layer of the methylene 
blue on the bottom. The dish is best placed in a stove at 36° C., and 
after fifteen to thirty minutes (if the pieces are thin) or one hour to 
one and a half hours (if they are thick) specimens may be removed 
for examination or preservation ; or, without using the stove, speci- 
mens may be removed from ten to twenty minutes after injection, 
placed on a slide, and moistened with weak methylene blue or salt 
solution, and brought under the microscope. Then as soon as the stain is 
sufficiently brought out (from forty to sixty minutes) they may be fixed. 

S, Meyer’s Method for the Central Nervous System (Arch. mikr. 
Anat, xlvi, 1895, p. 282, and xlvii, 1896, p. 734). The method consists 
essentially in injecting animals subcutaneously with large quantities 
of a solution of methylene blue B.X., and in treating the central organs 
(brains) with Bethe’s fixing bath. S. Meyer used, at first, a 1 per cent, 
solution ; later, a solution of methylene blue B,X. saturated at the 
body temperature of the animal to be injected (viz., about 5 to 6 per 
cent.). The injections are to be made at short intervals and in such a 
way that the animal receives the total quantity it can support in about 
one to two hours. A cat can support even 150 c.c. ; half-grown rabbits, 
30 to 50 c.c. ; fully-developed guinea-pigs, 30 to 50 c.c.; new-born 
kittens, 15 to 25 c.c. ^As soon as the animal used is dead, the brain 
is removed, divided into two to four pieces, and these plunged in 10 
per cent, ammonium molybdate to which 1 drop of HCi for every 
gram of ammonium molybdate is added. Here they remain for about 
twenty-four hours at 0° C. Pieces are then washed for two hours in 
running tap-water, passed quickly through the ascending series of 
alcohols into absolute alcohol, and, lastly, imbedded in paraffin in the 
usual way. 

Catois’ Method for Fishes ( C . E, Ac. Sc,, cxklv, 1897, p. 204). Small 
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quantities (2 to 3 c.c.) of a concentrated solution of methylene blue, 
prepared with physiological salt solution, is injected into the branchial 
vessels or intramuscularly. The brain is removed for half an hour, 
divided into slices, and then left for another half hour in the same 
concentrated solution used for injecting the animal. The slices are 
then fixed in the usual ammonium molybdate solution, or in CajaFs 
chloroplatinic acid mixture. 

For staining hy immersion the solutions should, if anything, be 
still weaker. Dogiel (Arch, mik. Anat., xxxv, 1890, p. 305) places 
objects in a few drops of aqueous or vitreous humour, to which are added 
2 or 3 drops of a ^ to per cent, solution of methylene blue in physio- 
logical (0*75 per cent.) salt solution, and exposes them therein to the 
air. In thin pieces of tissues the stain begins to take effect in five or 
ten minutes, and attains its maximum in from fifteen to twenty minutes. 
For thicker specimens — retina, for instance — several hours may be 
necessary. The reaction is quickened by putting the preparations 
into a stove kept at 30° to 35° C. Rouget {Compt. Rend., 1893, p. 802) 
employed a 0-05 per cent, solution in 0-6 per cent, salt solution (for 
muscles of Batrachia). Allen {Quart. Jour. Micr, ScL, 1894, pp. 461, 
482) takes for .embryos of the lobster a solution of 0*1 per cent, in 
0*75 per cent, salt solution, and dilutes it with 15 to 20 volumes of 
sea-water. Seidenmann {Zeit. wiss. Mik., xvii, 1900, p. 239) takes for 
the choroid a solution of 0-02 per cent, in 0-5 per cent, salt solution. 
Lavdowsky {ibid., xii, 1895, p. 177) takes i cent, in white of 
egg, or serum. Similarly Young {ibid., xv, 1898, p. 253). Michailow 
(ibid., xxvii, 1910, p. 10) takes i to ^ per cent, in Ringer’s salt solution 
(for nerves of mammals). 

Ramon y Cajal’s Diffusion Process {Ref. Trim. Micr., i, 1896, 
p. 123). The brain is exposed, and by means of a sharp razor the 
cortex is divided into slices about 2 mm. thick. The slices are then 
covered on both sides, either with finely powdered methylene blue or 
impregnated with a saturated solution of the same and replaced in 
their natural situation. The brain is covered over again with its case 
for about half an hour, after which the slices are removed and fixed 
for a couple of hours in Bethe’s ammonium molybdate solution. They 
are then washed and hardened for three or four hours in a mixture of 
5 parts of chloroplatinic acid, 40 parts of formalin, and 60 parts of 
distilled water. After another quick wash and a brief treatment (? a 
lew minutes) with a 1 : 300 alcoholic solution of chloroplatinic acid, 
they are dehydrated and imbedded in paraffin. The sections may 
also be quickly treated with the same weak alcoholic solution of chloro- 
platinic acid, cleared with xylol or bergamot oil, and mounted in the 
usual way. 

Apathy (Zeit. wiss. Mik., ix, 1892, p. 15 ; see also his Mikrotechnik, 
p. 172) proceeds as follows for Hirudinea and other invertebrates. A 
portion of the ventral cord is exposed, or dissected out. If it be desired 
to stain as many ganglion cells as possible, as well as fibres, the lateral 
nerves, as well as the connectives, should be cut through near a ganglion. 
The preparation is then treated with the stain. This is, for the demon- 
stration chiefly of fibres in Eirudo and Pontobdella, either a 1 : 1000 
solution in 0-5 to 0*75 per cent, salt solution, allowed to act for ten 
minutes ; or a 1 : 10,000 solution allowed to act for a hour to an hour 
and a half; or a 1 : 100,000 solution allowed to act for three hours 
(Lumbricus requires twice these times ; Astacus and Unio require 
three times ; medullated nerves of vertebrates four times). For the 
demonstration of ganglion cells the stain is allowed to act three or four 
times as long. 
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Tile preparations from the 1 : 1000 solution are then washed in 
salt solution for an hour ; those from the 1 : 10,000 solution for a quarter 
of an hour ; those from the 1 : 100,000 solution need not be washed 
at alL They are then treated with one of the ammoniacal fixing and 
differentiating liquids described above. This is done by pouring the 
liquid over them, and lea\dng them in it wiihoiii moving them about. in 
it for at least an hour and by preference in the dark. The further 
treatment is described in § 377, 

The object of the ammonia in these liquids is to differentiate the 
stain — to produce an artificial “ secondary differentiation.” It acts 
by washing out the absorbed colour from certain elements, others 
resisting longer. 

See also, for Hiriidinea, Sanchez, in Trab. Lab, Invest, Boli, Unit, 
Madfidy vii, 1909, fasc. 1-4, or Zeit, miss, Mik,^ xxvii, 1910, p. 393 
(injection of solutions of 0*2, OT, or 0-05 per cent., with further treat- 
ment as Apathy or Bethe). 

376. Unna-MacConnell Method (Q, J. M, S,, 75, 1932). Add 3 drops 
of 24 per cent. HCi to 100 c.c. of 0*5 per cent, methylene blue in aq. 
dest. Mix and filter. To 10 c.c. of this add 2 e.c. of a 12 per cent. 
Rongalit solution. Put in beaker, gently warm over small flame, never 
allowing it to boil. Stir constantly till it begins to change to a deep 
dirty green. Remove from flame and keep stirring — it will then go 
clear, with a yellow precipitate — let it cool, and filter into a drop bottle. 
Allow it to stand for twenty -four to thirty-six hours. This solution keeps 
for from eight to ten days. To use — put animal in 25 c.c. of water and 
add 1 to 2 c.c. of stain. The water goes light milky blue, gradually 
going dark blue. Staining takes from a few seconds up to two hours. 
Try this on Hydra, leech ganglia or palps of Nereis. Recommended by 
Paiitin (op. cit,). 

377. Fixation of the Stain. The stain obtained by any of these 
methods may be fixed, and more or less permanent preparations 
be made by one or other of the following methods : 

Abnstein {Anat, Anz,^ 1887, p, 551) puts the tissue for half an 
hour into saturated aqueous solution of picrate of ammonia. 

S. Mayer (Zeit, miss, Mik,, vi, 1889, p. 422) preferred a mixture of 
equal parts of glycerine and saturated picrate of ammonia solution, 
which served to fix the colour and mount the preparations in. • This 
was also in principle the method of Retzius (Intern, Monatsschr. Anat, 
Phys,^ vii, 1890, p. 328). Dogiee (Enzyk, Mik, Techn.^. ii, p. 105) 
puts for from two to twenty-four hours into saturated aqueous picrate 
of ammonia, and then into equal parts of glycerine and the picrate 
solution. (Thin membranes, and the like, may be fixed with 1 or 2 per 
cent, of 2 per cent, osmic acid solution added to the picrate solution 
and stained with picro-carmine before putting into the glycerine 
mixture.) Other workers have employed saturated solution of iodine 
in iodide of potassium (so Arnstein) or picro-carmixie (so Feist, 
Arch, Anat EntwickeL, 1890, p. 116 ; cf. Zeit, miss, Mik., vii, 1890, 
p. 231), the latter having the advantage of preserving the true blue 
of the stain if it be not allowed to act too long, and the preparation be 
mounted in pure glycerine. Picric acid has been used by Lavbowsky, 
but this after careful study is rejected by Dogiee. 

ApIthy (op, cit, § 875) brings preparations either into a con- 
centrated aqueous solution of picrate of ammonia free from 
picric acid, and containing 5 drops of concentrated ammonia for 
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every 100 c.c. ; or, wliicli is generally preferable, into a 1. to 2 
per cent, freshly prepared solution of neutral carbonate of ammonia 
saturated with picrate. They remain in either of these solutions, 
preferably in the dark, for at least an hour. They are then brought 
into a small quantity of saturated solution of picrate of ammonia 
ill 50 per cent, glycerine, where they remain until thoroughly 
saturated. They are then removed into a saturated solution of 
the picrate in a mixture of 2 parts 50 per cent, glycerine, 1 part 
cold saturated sugar solution, and 1 part similarly prepared 
gum-arabic solution. When thoroughly penetrated with this they 
are removed and mounted in the following gum-syrup medium 
{loc. cit., p. 37) : 

Picked gum-arabic . . . .50 grm. 

Cane-sugar (not candied) . . . 50 ,, 

Distilled water . . . . . 50 ,, 

Dissolve over a water-bath and add 0-05 grm. thymol. (This 
mounting medium sets quickly and as hard as balsam, so that 
no cementing of the amounts is necessary. Farrants’ medium 
[with omission of the arsenious acid] will also do. In neither 
case should either ammonium picrate or methylene blue be added 
to the medium.) Preparations that have been fully differentiated 
(§ 376) do not keep more than a few weeks ; whilst those in which 
the differentiation has not been carried to the point of thorough 
tinctorial isolation of the neuro-fibrils have kept for five or six 
years (ApXthy, Mitth, ZooL Stat Neapel, xii, 1897, p. 712), 

E. C. Cole {Stain Tech., 11, 1936) notes that tissue stained in 
methylene blue retains nearly all stain when n-butyl alcohol is 
used for dehydrating. Equal parts of this alcohol with ethyl 
alcohol for thirty minutes at room temperature, then n-butyl 
alcohol alone for same time. Blot and transfer to one part 
methyl salicylate and 4 parts xylol. 

The methods described next § are also available for material 
not destined to be sectioned. 

378. Methods for Sections. The preceding methods do not give 
preparations that will resist the operations necessary for imbed- 
ding in paraffin or mounting in balsam. A strong solution of 
platinum chloride is said to do this (see Feist y Arch. Anat. Entw., 
1890, p. 116), but the preparations are not very satisfactory. 

For the earlier method of Tarkeu (ZooL Anzeig., 1892, p. 375) with 
methylal, see early editions. {Mitth. ZooL Stat. Neapel, xii, 

1895, p. 4) he fixed the stain by dehydrating the objects in successive 
alcohols of 30, 50, 70, 95 and 100 per cent, strength, each containing 
8 per cent, of corrosive sublimate, then brought them into a mixture 
of the last with an equal volume of xylol, and lastly into pure xylol. 
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For the earlier method of Bethe (Arch, mik, Anaf., xliv, 1894, p. 585), 
see last edition. 

Bethe’s later method (Anat Anz,, xii, 1896, p. 438) is as follows : 
After staining, pieces of tissue of 2 to 3 mm. thickness are treated for 
ten to fifteen minutes with a concentrated aqueous solution of picrate 
of ammonia and then brought into a solution of 1 grm. of molybdate 
of ammonium, either in 20 of water, or in 10 of water and 10 of 0*5 
per cent, osmic acid or 2 per cent, chromic acid ; or into a solution of 
pliosphomolybdate of sodium in the same proportions, each of these 
solutions having added to it 1 drop of hydrochloric acid, and if desired 
1 grm. of peroxide of hydrogen. They remain in one of these solutions 
for three-quarters to one hour (or from four hours to tvrelve in the 
osmic acid one), and are then passed through water, alcohol, xylol, 
balsam, or paraffin. (The objects that have been treated with one of 
the solutions of the sodium salt are not thoroughly resistant to alcohol, 
so that for them it is well to cool the alcohol to under 15° C.). Sections 
may be after-stained with alum carmine, or “ neutral ” tar colours. 

Slight modifications of this method are given by Dogiel (Arch, mik, 
Anat,^ 1897, p. 772 ; 1898, p. 237 ; Zeit. wiss. ZooL, lx\d, 1899, p. 361 ; 
and Enzyk, mik. Technik., 1903, p. 825, and 1910, p. 108). He omits 
the peroxide, the hydrochloric acid, and the cooling. Bethe (Zeit. wiss. 
Mik,, xvii, 1900, p. 21) does not approve of these modifications. 

Further modifications of the molybdenum method have been pub- 
lished by Leontowitsch (Intern. Mo7iatsschr. Anat., xviii, 1901, 
p. 142). 

Michailow (Zeit. wiss. Mik., xxvii, 1910, p. 19) adds to 8 per cent, 
solution of molybdate 0*5 per cent, of formalin, leaves the objects in 
a large quantity of it (filtered) for twenty-four hours at 37° C., washes 
with warm water, and passes through alcohol and xylol into xylol- 
damar (not balsam). 

See also Schmidt (Arch. Ges. Phys„ ciii, 1906, p. 522). 

Harris (Philadelphia Medical Journ., May 14th, 1898), after staining, 
rinses with water, and brings into a saturated solution of either ferro- 
cyanide or ferricyanide of potassium which has been cooled to within 
a few degrees of zero (a trace of osmic acid may be added to prevent 
maceration). They remain therein for from three to twenty-four 
hours, and are then washed in distilled water for an hour, and are 
dehydrated in absolute alcohol kept at a low temperature, cleared in 
xylol or cedar oil, and imbedded in paraffin. 

379. Impregnation of Epithelia, Lymph-spaces, etc, (Dogiel, 
Arch. mik. Anat., xxxiii, 1889, pp. 440 et seq.). Suitable pieces of 
tissue (thin membrane by preference) are brought fresh into a 4 
per cent, solution of methylene blue in physiological salt solution 
(in the Encycl. mik. Technik., 1903, p. 827, Dogiel gives the 
strength of the methylene blue as | to 1 per cent.). After a few 
minutes therein they are brought into saturated solution of picrate 
of ammonia, soaked therein for half an hour or more, then w^ashed 
in fresh picrate of ammonia solution, and examined in dilute 
glycerine. 

If it be wished only to demonstrate the outlines of endothelium 
cells, the bath in the stain should be a sliort one, not longer than 
ten minutes in general ; whilst if it be desired to obtain an impreg- 
nation of ground-substance of tissue, so as to have a negative 
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image of other spaces, the staining should be prolonged to 
fifteen or thirty minutes. 

If it be desired to preserve the preparations permanently, they 
had better be mounted in glycerine saturated with picrate of 
ammonia, or {Enzyk., 1910, ii, p. 110) fixed with ammonium 
molybdate and a trace of osmium. 

The effect is practically identical (except as regards the colour) 
with that of a negative mpregnation with silver nitrate. 

S. Mayeb {Zeit wiss. Mik., vi, 1889, p. 422) stains tissues for about 
ten minutes in a 1 : 300 or 400 solution of methylene blue in 0*5 per 
cent, salt solution, rinses in salt solution, and puts up in the glycerine- 
picrate of ammonia mixture given § 377. The images are generally 
positive after injection of the colour into the vascular system ; negative 
after immersion of the tissues. 

Timofejew (Anat Anz., xxxv, 1909, p. 296) impregnates for fifteen 
to twenty minutes in a solution of 1 : 300 or 400 strength, fixes with a 
very weak solution of ammonium picrate in salt solution, and puts up 
in a mixture of 50 c.c. glycerine, 50 c.c. water, and 35 c.c. saturated 
solution of the picrate : or fixes with ammonium molybdate of 8 per 
cent, and mounts in balsam. 

380. L. G. Worley and E. K. Worley claim that the Golgi 
apparatus is stainable vitally in methylene blue (Nat. Aniline 
Co.). For mollusc eggs, immerse for about forty-five minutes in 
1 : 1,000,000, then similar time in 1 : 750,000, later 1 : 500,000 
finally over a period of three or four hours into 1 : 100,000. 
This must he done in subdued lighti the embryos subsequently 
kept in semi-darkness. The methylene blue solutions are made up 
by diluting a stock solution made up several weeks in advance, in 
sea water (for marine material) suitably diluted solutions being 
allowed to ripen in daylight Permanent slides can be made by 
fixation in Regaud, Flemming, Mann-Kopsch and Kolatchev. 

381. Examples : Excised frog tongue treated for three to four hours in 
1 : 100,000 in Ringer. Small pieces from blue periphery of tongue left a 
few minutes in hypertonic salt solution (about 3 or 4 per cent.). Place 
piece on slide, press down till epithelial cells float away, or omit the hyper- 
tonic solution and observe living cells in Ringer. Tadpoles kept in 1 : 
20,000 methylene blue, for about twenty-four hours . Kittens about two 
weeks old are injected eighteen hours before wanted with 10 c.c. 1 : 400 
methylene blue in Ringer, followed by another similar injection six to 
eight hours later. Chironomus larval organs, the larvae are left in 
1 : 20,000 solution in pond water for twenty-four to seventy-two hours. 
Locust Malpighian tubes. PuU out viscera into 1 : 500,000 solution in 
Ringer, leave for about one hour. (See Froc. Nat. Acad. Set, 29, 1943 ; 
J. Cell, and Comp. Physiol, 18, 1941 ; J. Morph., 73, 1943, 75, 1944.) 

Elsewhere it has been pointed out that methylene blue does not 
stain the Golgi apparatus of mollusc spermatocytes, and the Worley’s 
are certainly incorrect here. However, in dying or dead cells, methylene 
blue will stain many cell granules and also nucleoli. 

382. Toluidine Blue or Thionine instead of methylene blue. Haeris 
(Philadelphia Med. Journ., May 14th, 1898) has found that there is no 


188 


MEmYLENE BLUE 


reaction of methylene blue that cannot be equally well obtained with 
toliiidine blue or thionin. For staining pieces of tissue he takes : 

Toluidine blue, 0-1 per cent. sol. in physiological 

salt solution . . , . . ,2 parts. 

Ammonium chloride 0*25 per cent, in water . 1 part. * 

Egg albumen . . . . . , 1 „ * 

For injections he uses 1 part of the dye to 1000 of physiological salt 
solution. 

Any of the methylene blue fixing methods may be employed and 
the whole technique is the same. 

L. Martinotti {Zeit wiss, Mik,, xxvii, 1910, p. 24) recommends 
a polychrome toluidine blue, made by adding 0-5 per cent, of lithium 
carbonate to a 1 per cent, solution of the dye and keeping till a purple- 
red tone appears. Or, a stock solution made of 1 grm. toluidine blue, 
0-5 grm. lithium carbonate, glycerine 20 c.c., alcohol 5 c.c., and water 
75 c.c. 


CHAPTER XVII 

METALLIC STAINS (IMPREGNATION METHODS) 


1 383. Thte Characters of Impregnation Stains. By impregnation 

is understood a mode of coloration in which a metal is 
deposited in tissues in the form of a precipitate — the impregnated 
elements becoming in consequence opaque. By staining, on the 
: other hand, is understood a mode of coloration in which the 

i colouring matter is retained by the tissues as if in a state of 

solution, showing no visible solid particles under the microscope, 
the stained elements remaining in consequence transparent. 
But it is not right to draw a hard and fast line between the two 
kinds of coloration. Some of the metallic salts treated of in this 
chapter give, besides an impregnation, in some cases a true stain. 
And some of the dyes that have been treated of in the preceding 
chapters give, besides a stain, a true impregnation. Methylene 
blue, for instance, will give in one and the same preparation an 
impregnation and a stain ; and in most chloride preparations the 
coloration is in places of the nature of a finely divided solid deposit, 

^ in others a perfectly transparent stain. 

J Negative and Positive Impregnations. In a negative impregna- 

tion intercellular substances alone are coloured, the cells them- 
/ selves remaining colourless or very lightly tinted. In a positive 

impregnation the cells are stained and the intercellular spaces 

! are unstained. 

Negative impregnation is generally held to be primary because brought 
about by the direct reduction of a metal in the intercellular spaces ; 
; positive impregnation to be secondary (in the case of silver nitrate at 

i least) because it is brought about by the solution in the liquids of the 

tissues of the metallic deposit formed by a primary impregnation, and 
the consequent staining of the cells by the new solution of metallic salt 
thus formed. These secondary impregnations take place when the 
reduction of the metal in the primary impregnation is not sufficiently 
energetic (see on these points His, Schweizer Zeit. Heilk,, ii, Heft 1, p. 1 ; 
Gieeke, Zeit wiss. Mik., i, p, 393 ; Ranviee, Traiti^ p. 107). 
i As to the nature of the black or brown deposit or stain formed in 

the intercellular spaces in cases of primary impregnation, it evidently 
cannot consist of metallic silver, as it is soluble in hyposulphite of soda. 
See also Macallum, Ptoc. Roy. Soc., Ixxvi, 1905, p. 217, and Achard 
and Reynaud, C.R A'oe. Biot, Ixi, 1906, p. 43. 

384. Action of Light on Solutions of Metallic Salts. Stock solutions 
of metallic salts are generally kept in the dark, or at least in coloured 
bottles, under the belief that exposure to light reduces them. It has 
been pointed out in § 40 that in the case of osmic acid, not light, but 
dust is the reducing agent, and that solutions may be exposed to light 
with impunity if dust be absolutely denied access to them. We have 
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BOW good evidence to the ei^ect that the same is the case with other 
metallic solutions ; and the point is raised whether such solutions are 
not positively improved for impregnation purposes by exposure to 
light ! Dr. Lindsay Johnson wrote to Lee as follows : 

One may (I find by experiment) state as a rule without exception 
that all the solutions of the chlorides and nitrates of the metals will 
keep indefinitely in clean white stoppered bottles in the sunlight ; and 
as far as osmium, uranium, gold and silver, and platinum are concerned, 
actually improve or ripen by a good sunning. All photographers tell 
me their papers salt more evenly by old well-sunned silver nitrate than 
by a fresh solution kept in the dark ; and I go so far as to say that this 
is one of the reasons why gold stains are so unsatisfactory.” 

Apathy {Mitt. ZooL Stat. Neapel^ xii, 1897, p. 722) leaves his gold 
solutions exposed to light, so long as there are no tissues in them. 

385. State of the Tissues to be Impregnated. The majority of 
stains given by dyes are only obtained with tissues that have 
been changed in their composition by the action of fixing and 
preservative reagents. With metallic impregnations the case is 
different ; perfectly fresh tissues — that it, such as are either 
living, or at all events have not been treated by any reagent 
whatever — ^will also impregnate with the greatest ease and pre- 
cision. Indeed, some impregnations will not succeed at all with 
tissues that are not fresh in the sense above explained. 


SILVER 

386. Silver Nitrate : Generalities. The principles of its employ- 
ment are given by Ranvier {TraitS, p. 105) as follows : 

Silver nitrate may be employed either in solution or in the 
solid state. The latter method is useful for the study of the 
cornea and of fibrous tissues, but is not suitable for epithelia. 
For the cornea, for instance, proceed as follows : The eye having 
been removed, a piece of silver nitrate is quickly rubbed over the 
anterior surface of the cornea, which is then detached and placed 
in distilled water ; it is then brushed with a camel’s hair brush in 
order to remove the epithelium. The cornea is then exposed to 
the action of light. It will be found that the nitrate has traversed 
the epithelium and soaked into the fibrous tissue, on the surface 
of which it is reduced by the light. The cells of the tissues will 
be found unstained. 

It is generally employed in solution, in the following manner : 
In the case of a membrane, such as the epiploon, the membrane 
must be stretched like a drum-head over a porcelain dish, and 
washed first with distilled water, and then washed with a solution 
of silver nitrate. In order to obtain a pow'erful stain it is necessary 
that this part of the operation be performed in direct sunlight, 
or at least in a very brilliant light. As soon as the tissue has 
begun to turn a blackish grey the membrane is removed, washed 
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ill distilled water, and mounted on a slide in some suitable examina- 
tion niediuin. 

If the membrane were left in the water the cells would become 
detached, and would not be found in the finished preparation. 

If the membrane had not been stretched as directed the silver 
would be precipitated not only in the intercellular spaces, but 
in all the small folds of the surface. 

If the membrane had not been washed with distilled water 
before impregnation there would have been formed a deposit of 
silver on every spot on which a portion of an albuminate was 
present, and these deposits might easily be mistaken for a normal 
structure of the tissue. It is thus that impurities in the specimen 
have been described as stomata of the tissue. 

If the solution be taken too weak — ^for instance, 1 : 500 or 
1 : 1000, or if the light be not brilliant — a general instead of an 
interstitial stain will result ; nuclei will be most stained, then 
protoplasm, and the intercellular substance will contain but very 
little silver. In general in a good ‘‘ impregnation ” the contents 
of the cells, and especially nuclei, are quite invisible. 

The tissues should be constantly agitated in the silver-bath in 
order to avoid the formation on their surfaces of deposits of 
chlorides and albuminates of silver. 

These impregnations only succeed with fresh tissues. 

387. Silver Nitrate r the Solutions to be employed (Ranvier). 
The solutions generally employed by Ranvier vary in strength 
trorn 1 : 300 to 1 : 500. Thus 1 : 300 is used for the epiploon, 
pulmonary endothelium, cartilage, tendon ; whilst a strength of 
1 ; 500 is employed for the phrenic centre, and the epithelium of 
the intestine. For the endothelium of blood-vessels (by injection) 
solutions of 1 : 500 to 1 : 800 are taken. 

M. Duval {Precis, p. 229) takes solutions of 1, 2, or at most 
3 per cent. 

V. Recklinghausen used, for the cornea, a strength of from 
1 : 400 to 1 : 500 (DiV Lymphgefdsse, etc., Berlin, 1862, p. 5). 

Robinski {Arch, de Physiol., 1869, p. 451) used solutions 
varying between OT and 0*2 per cent., which he allowed to act for 

thirty seconds. , 

Rouget {Arch, de Physiol., 1873, p. 603) employed solutions 
as weak as 1 : 750, or even 1 : 1000, exposing the tissues to their 
action several times over, and washing them with water after 
each bath. 

The Hertwigs take, for marine animals, a 1 per cent, solution 
{Jan. Zeit Naturk., xvi, pp. 313 and 324). 

The Hoggans {Journ of Anat. and Physiol., xv, 1881, p. 477) 
take for lymphatics a 1 per cent, solution. 

Tourneaux and Herrmann (Robin’s JowmaZ de VAnat., lSl^, 
p. 200) took for the epithelia of Invertebrates 3 : 1000, and in 


192 


METALLIC BTAim 


soiiK*. cases weaker solutions — for one hour, wasliing out with 
alcoliul of <J0 per cent. 

Hoyer {Arch, mik, Anat, 1867, p. 649) takes a solution of 
nitrate of silver, and adds ammonia to it until the precipitate 
that is formed just redissolves, then dilutes the solution until it 
contains from 0*75 to 0*50 per cent, of the salt. This ammonio- 
nitrate solution has the advantage of impregnating absolutely 
nothing but endothelium or epithelium ; connective tissue is not 
affected by it. 

Ranvier’s injection-mass for impregnating endothelium is 
given under “ Injection.” 

Bekhuyzen {Anat Anz.^ iv, 1889, No. 25, p. 789) has applied 
to terrestrial animals the method of Harmer for marine animals 
(§ 391). For details 'previous editions, 

Regaud [Journ, Anat, et Phys,, xxx, 1894, p. 719) recom- 
mends for the study of lymphatics a process devised by Renaut, 
for the details of which see also previous editions, 

388. Other Salts of Silver. Alferow {Arch, Phys.^ i, 1874, p. 694) 
employs the picrate, lactate, acetate, and citrate, in solution of i : 800, 
and adds a small quantity of the acid of the salt taken (10 to 15 drops of 
a concentrated solution of the acid to 800 c.c. of the solution of the salt). 
This decomposes the precipitates formed by the action of the silver 
salt on the chlorides, carbonates, and other substances existing in the 
tissues. 

Regaud and Dubreuil {CM, Ass. Anat,^ 5 Sess. 1903, p. 122) take a 
fresh solution of protargol or a mixture of equal parts of 1 per cent, 
protargol and 1 per cent, osmic acid, avoiding precipitates. 

389. Silver Nitrate : Reduction. Reduction may be effected in 
media other than distilled water. 

V. Recklinghausen washed his preparations in salt solution 
before exposing them to the light in distilled water {Arch, path, 
Anat, xix, p. 451). Physiological salt solution (0*75 per cent.) 
is commonly used for these washings. 

Muller {Arch, f, path. Anat, xxxi, p. 110), after impregnation * 
by immersion for two or three minutes in a 1 per cent, solution of 
nitrate of silver in the dark, added to the solution a small quantity 
of 1 per cent, solution of iodide of silver (dissolved by the aid of a 
little iodide of potassium). After being agitated in this mixture 
the preparations were washed with distilled water, and exposed 
to the light for two days in a 1 per cent, solution of nitrate of silver 
(see also Gierke, in Zeit. wiss. Mih,, i, 1884, p. 896). 

Rouget {Arch, de Physiol., 1878, p. 608) reduced in glycerine ; 
SzuTZ {Zeit wiss. Mik,, xxix, 1912, p. 291) in glycerine with ^ of 
formol. 

Sattler {Arch. mik. Anat., xxi, p. 672) exposes to the light for 
a few minutes in water acidulated with acetic or formic acid. 

Thanhoffer {Das Miktoskop, 1880) employs a 2 per cent 
solution of acetic acid. 
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Keauss brings liis preparations, after washing, into a light 
red solution of permanganate of potash. Reduction takes place 
very quickly, even in the dark. 

Oppitz puts for two or three minutes into a 0*25 or 0*50 per 
cent, solution of chloride of tin. 

Jakimovitch {Journ, de VAnat.^ xxiii, 1888, p. 142) brings 
nerve preparations, as soon as they have become of a dark brown 
colour, into a mixture of formic acid 1 part, amyl alcohol 1 part, 
and water 100 parts, and exposes to the light for five to seven 
days, the mixture being renewed from time to time. 

Dekhuyzen (op. cit,, last §) reduces in oil of cloves, after 
dehydration. 

390. Fixation. Legeos (Journ. de VAnat., 1868, p. 275) washes his 
preparations, after reduction, in hyposulphite of soda, to prevent after- 
blackening. According to Duvae (Precis, p. 230) they should be washed 
for a few seconds only in 2 per cent, solution and then in distilled water. 

Gerota (Arch, Anat. Pkys., Abth,, 1897, p. 428) reduces in a 
hydro quinone developing solution, followed by fixation in hyposulphite 
of soda, just as in photography. 

391. Impregnation of Marine Animals. On account of the 
chlorides that bathe the tissues of marine animals, these cannot 
be treated directly with nitrate of silver. 

Hertwig (Jen, Zeit,, xiv, 1880, p. 322) recommends fixing 
them with a weak solution of osmic acid, then washing with dis- 
tilled water until the wash-water gives no more than an insigni- 
ficant precipitate with silver nitrate, and then treating for six 
minutes with 1 per cent, solution of silver nitrate. 

Haeivier (Mitth, Zool, Stat. Neapel, v, 1884, p. 445) washes 
them for some time (half an hour) in a 5 per cent, solution of 
nitrate of potassium in distilled water ; they may then be treated 
with silver nitrate in the usual way. For some animals he recom- 
mends a 4*5 per cent, solution of sulphate of sodium. 

392. Double-Staining Silver-stained Tissues. The nuclei of 
tissues impregnated with silver may be stained with the usual 
reagents, provided that solutions containing free ammonia be 
avoided. Tliese stains will only succeed, however, with successful 
negative impregnations, as nuclei that have been impregnated 
will not take the second stain. 

Impregnation with silver may be followed by impregnation 
with gold. In this case the gold generally substitutes itself for 
the silver in the tissues, and though the results are sharp and 
precise, the effect of a double stain is not produced. See hereon 
Gerota, loc. cit, § 390. 

393. Impregnation of Nerve Tissue. For this subject, which 
includes the important hichromate-and-silver method of Golgi, and 
the neurofibril methods of BmmcmwsKY and Ram6n y Cajal, see 
under Neurological Methods, These give important results, not only 

, 7:.' 
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with Nervous tissue^ but with various forms of Connective tissue, 
mitoehondrial formations, etc, 

GOLD 

394. The Characters of Gold Impregnations. Gold chloride 
differs from nitrate of silver in that it generally gives positive 
(§ 383) impregnations only. It generally gives negative images 
only with such tissues as have first received a negative impreg- 
nation with silver, the gold substituting itself for the silver. In 
order to obtain these images you first impregnate very lightly 
with silver ; reduce ; treat for a few minutes with a 0*5 per 
cent, solution of gold chloride, and reduce in acidulated distilled 
water. 

This process, however, is in but little use, and except for certain 
special studies on the cornea and on connective tissue, the almost 
exclusive function of gold chloride is the impregnation of nervous 
tissue, for which it exhibits a remarkable selectivity. 

395. Pre-impregnation and Post-impregnation, Gold methods 
may be divided into two groups : viz. pre-impregnation methods, 
characterised by employing perfectly fresh tissues, and post- 
impregnation methods, characterised by the employment of fixed . 
and hardened tissues. Both are chiefly used for nervous tissue. 
They give in some respects opposite results. Pre-impregnation 
gives nuclei unstained, cytoplasm rather strongly stained, axis- 
cylinders reddish- violet. Post-impregnation gives nuclei sharply 
stained, cytoplasm pale, axis-cylinder black, and (when success- 
ful) showing their neurofibrils sharply distinguished from the 
interflbrillar substance. 

In ApIthy’s view {Mitih, Zod, Stat, Neapel, xii, 1897, p. 718) 
successful gold preparations should show a true stain, not an 
impregnation (§ 383), the stain being brought about by the 
formation of gold oxide (AuO) which combines with the tissue 
elements. He advises in consequence that preparations should 
not he moved about more than can be helped in the reducing bath, 
so that the colouring oxide may not be washed away from the 
tissues before the stain has taken effect. 

396. As to the Commercial Salts of Gold. Squire’s Methods 
and Formulce, etc. (p. 34), says : ‘‘ Commercial chloride of gold is 
not the pure chloride, AuClg, but the crystallised double chloride 
of gold and sodium, containing 50 per cent, of metallic gold. 

‘‘ Commercial chloride of gold and sodium is the above crystal- 
lised double chloride mixed with an equal weight of chloride of 
sodium, and contains 25 per cent, of metallic gold.” 

This , however, appears not to be the case in Germany. Dr. Grubler, 
writing to Mayer (see tlm GrunAzuge, Lee und Mayer, p. 215), says : 
“ Aurum chhratum fuscum conimm about 53 per cent. Au, the flavum 
about 48 per cent. ; in both of them there should be only water and 


GOLD IMPREGNATION . 195 

hydrocMoric acid besides the gold, no sodium chloride. Fme Auto- 
natrium chloratum Gontmis 14*7 per cent, of sodium chloride, though 
samples are found in commerce with much more.” 

Apathy (MiUh. ZooL Stat Neapel, xii, 1897, p. 722) formerly employed 
the auTum chloratum flavum, but later preferred the fuscum. 


A. PRE-IMPREGNATION 

397. The State of the Tissues to be Impregnated. The once 
classical rule, that for researches on nerve-endings the tissues 
should be taken perfectly fresh, seems not to be valid for all 
cases. For Drasch {Sitzb. Akad. wiss. Wien, 1881, p. 171, and 
1884, p. 516; and Abhand, math.-phys, CL K, Sack. Ges. Wiss., 
xiv, No. 5, 1887 ; ZeiL wiss, Mik,, iv, 1887, p. 492) finds that 
better results are obtained with tissues that have been allowed 
to lie after death for twelve, twenty-four, or even forty-eight 
hours in a cool place. 

398. Cohnheim’s Method {Virchow^s Arch., Bd. xxxviii, pp. 346-349 ; 
Strieker" s Handb., p. 1100). Fresh pieces of cornea (or other tissue) 
are put into 0-5 per cent, solution of chloride of gold until thoroughly 
yellow, and then exposed to the light in water acidulated with acetic 
acid until the gold is thoroughly reduced, which happens in the course 
of a few days at latest. They are then mounted in acidulated glycerine. 

Results very uncertain and anything but permanent. 

399. Lowit’s Method {Sitzgsber. Akad. Wien, Bd. Ixxi, 1875, 
p. 1). The following directions are from Fischer’s paper on the 
corpuscles of Meissner [Arch. mik. Anat, xii, 1875, p. 866). 

Small pieces of fresh skin are put into dilute formic acid (1 
volume of water to 1 of the acid of 1*12 sp. gr.), and remain there 
until the epidermis peels off. They then are put for fifteen 
minutes into gold chloride solution (1^ to 1 per cent.), then for 
twenty-four hours into dilute formic acid (1 part of the acid to 
1-8 of water), and then for twenty-four hours into undiluted 
formic acid. (Both of these stages are gone through in the dark.) 
Sections are then made and mounted in damar or glycerine. 
Successful preparations show the nerves alone stained. 

400. Ranvier’s Formic Acid Method {Quart. Journ. Mic. Sci. 
[N.S.], Ixxx, 1880, p. 456). The tissues are placed in s, mixture 
of chloride of gold and formic acid {4i parts of 1 per cent, gold 
chloride to 1 part of formic acid) which has been boiled and 
allowed to cool (Ranvier’s Traite, p. 826). They remain in 
this until thoroughly impregnated (muscle twenty minutes, 
epidermis two to four hours) ; reduction is affected either by 
daylight in acidulated water, or in the dark in dilute formic acid 
(1 part of the acid to 4 parts of water). 

See Fischer (Arch. mik. Anat., 1876) and Graven {Brain, 1925). 
Place pieces in 25 per cent, aqueous pure formic acid, tease slightly, 
leaving for ten to 15 minutes. Blot, place in aqueous 1 per cent, gold 


196 


METALLIC STAINS 



chloride, just to cover. Shake. Cover dish with yellow or blue glass, 
leaving twenty minutes. Eemove pieces and blot, transfer to the formic 
acid and gold exactly as before, except that when in gold, the pieces 
are left in darkness for twenty-four hours. Remove pieces and transfer 
to formic acid, then gold again in dark for twenty-four hours. Now 
transfer to glycerine and leave in closed vessel on bench. Wash in 
water after a few hours and mount in pure glycerine. 

401. Ranvier’s Lemon-juice Method {Tmite, p. 813). Ranvier 
finds that of all acids lemon juice is the least hurtful to nerve- 
endings. He therefore soaks pieces of tissue in fresh lemon 
juice until they become transparent (five or ten minutes in the 
case of muscle). They are then rapidly washed in water, brought 
for about twenty minutes into 1 per cent, gold chloride solution, 
washed again in water, and brought into a mixture of 50 c.c. of 
distilled water and 2 drops of acetic acid. They are exposed to 
the light for twenty-four to forty-eight hours. The preparations 
thus obtained are good for immediate study, but are not per- 
manent, the reduction of the gold being incomplete. In order to 
obtain perfectly reduced, and therefore permanent, ptreparations, 
the reduction should be done in the dark in a few cubic centi- 
metres of dilute formic acid (1 part acid of water), which takes 
about twenty-four hours. 

402. Viallane’s Osmic Acid Method {Hist et Dev. des Insectes, 
1883, p. 42). The tissues are treated with osmic acid (1 per 
cent, solution) until they begin to turn brown, then with 25 per 
cent, formic acid for ten minutes ; they are then put into solution 
of chloride of gold of 1 : 5000 (or even much weaker) for twenty- 
four hours in the dark, then reduced in the light in 25 per cent, 
formic acid. Lee found this an excellent method. 

Kerschker (^rc^. mih. Anat, Ixxi, 1908, p. 522) put still 
brown into a mixture of 10 parts 5 per cent, formic acid with 1 
part 2 per cent, osmic acid, washes, puts for two to six hours 
into 1 per cent, gold chloride in the dark, washes, puts for twelve 
hours into 25 per cent, formic acid in the dark and then for 
twenty-four in the light, and mounts in 50 per cent, glycerine 
with 1 per cent, formol. 

403. Other Methods. The numerous other methods that have 
been proposed differ from the foregoing partly in respect of the 
solutions used for impregnation, but chiefly in respect of details 
imagined for the purpose ot facilitating the reduction of the gold. 

Thus Bastian employed a solution of gold chloride of a strength 
of 1 to 2000, acidulated with HCl (1 drop to 75 c.c.), and reduced 
in a mixtu^ of equal parts of formic acid and water kept waTYti, 

Henocque (^rcfe. de VAnat et de la 1870, p. Ill) 

impregnates in a 0-5 per cent, solution of gold chloride, washes 
in water for twelve to twenty-four hours, and reduces in a nearly 
saturated solution of tartaric acid at a temperature of 40*" to 50° C. 
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Reduction is effected very rapidly, sometimes in a quarter of an 
hour. 

Hoyee. {Arch. mik. Anat., ix, 1873, p. 222) says that the double 
chloride oi gold and potassium has many advantages over the 
simple gold chloride. He impregnates in solutions of 0-5 per 
cent, strength, and reduces in water containing 1 or 2 drops of a 
pyrogallic acid developing solution, such as is used in photography, 
or in a warm concentrated solution of tartaric acid, at the tem- 
perature of an incubating stove. Lee used the double chloride of 
gold and sodium with good results. Ciaccio {Journ. de Micr'ogr., 
vii, 1883, p. 38) prefers the double chloride of gold and cadmium. 
Flechsig {Die Leitungshahnen in Gehirn, 1876; Arch. Anat. u. 
Phys., 1884, p. 453) reduces in a 10 per cent, solution of caustic 
soda. Nesteeoeesky treats impregnated preparations with a 
drop of ammonium sulphide, and finishes the reduction in glycerine 
(quoted from Gierke’s Fdrberei z. mik. Zwecken). Bohm reduces 
in Pritchard's solution — amyl alcohol, 1 ; formic acid, 1 ; water, 
98. Maneredi {Arch, per le Sci. med., v, No. 15) puts fresh 
tissues into gold chloride, 1 per cent., for half an hour ; then 
oxalic acid, 0*5 per cent., in which they are warmed in a water- 
bath to 36°. Mount in glycerine. Sunny weather is necessary. 

Boccardi {Lavori Instit. Fisiol Napoli, 1886, i, p. 27 ; Journ. 
Roy. Mic. Soc., 1888, p. 155) recommends oxalic acid of 0*1 per 
cent, or of 0*25 to 0*3 per cent., or a mixture of 5 c.c. pure formic 
acid, 1 c.c. of 1 per cent, oxalic acid, and 25 c.c. of water, reducing 
in the dark not longer than two to four hours. Kolossow {Zeit. 
wiss. Mik., V, 1888, p. 52) impregnates for two or three hours in 
a 1 per cent, solution of gold chloride acidulated with 1 per cent, 
of HCl, and reduces for two or three days in the dark in a 0*01 
per cent, to 0*02 per cent, solution of chromic acid. Geberg 
{Intern. Monatsschr., x, 1893, p. 205) states that previous treat- 
ment of tissues for twenty-four hours with limewater (Arnstein’s 
method) greatly helps the reduction. Bernheim {Arch. Anat. 
Phys., Phys. Ahth., 1892, Supp., p. 29) adds to Lowit’s dilute 
formic acid a piece of sulphite of sodium (must be fresh and smell 
strongly of sulphurous acid). Br. Lindsay Johnson wrote that be- 
sides the “ sunning ” of the impregnating solution recommended 
above (§ 390), the gold should be carefully acidulated with a 
neutral acetate or formate, or acetic or formic acid, at least twenty- 
four hours before using ; and then afterwai’ds the tissue must be 
washed until no action occurs to test-paper. Apathy {Mikro- 
techniE, p. ; Mitt^^ Zook Stat. Neapel, xii, 1897, pp. 718-728) 
lays stress on the necessity of having the objects thoroughly pene- 
trated by light itom all sides during the process of reduction. 

Objects, therefore, should always be so thin that light can readily 
stream through them. He impregnates for a few hours in 1 per 
cent, gold chloride (§ 396) in the dark, then brings the objects 
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without washing out with water, the gold solution being just super- 
ficially mopped up with blotting-paper, into 1 per cent, formic 
acid. They are to be set up in this, in a tube or otherwise, so 
that the light may come through them from all sides, and exposed to 
diffused daylight in summer, or direct sunlight in winter, for six 
to eight hours without a break. They must not be moved about more 
than can be helped in the acid. If the acid becomes brown it may 
be changed for fresh. The temperature of the acid should not be 
allowed to rise over 20° C., whence direct sunlight is to be avoided 
during the summer. He mounts in glycerine or his syrup (§ S77). 
He finds such preparations absolutely permanent, 

POST-IMPREGNATION 

404. Gerlach’s Method (Stricker’s Handb,, 1872, p. 678) : 
Spinal cord is hardened for fifteen to twenty days in a 1 to 2 
per cent, solution of bichromate of ammonia. Thin sections 
are made and thrown into a solution of 1 part of double chloride 
of gold and potassium to 10,000 parts water, which is very slightly 
acidulated with HCl, and then ten to twelve hours are washed in 
hydrochloric acid of 1 to 2 : 3000 strength, then brought for ten 
minutes into a mixture of 1 part HCl to 1000 parts of 60 per cent, 
alcohol, then dehydrated and mounted in balsam. 

See further, for Nerve Centres, under “ Nervous System.” 

405. Golgi (Mem. Acad, Torino [2], xxxii, 1880, p. 382) puts 
tissues previously hardened in 2 per cent, solution of bichromate 
of potash for ten to twenty minutes into 1 per cent, solution of 
arsenic acid, then into \ per cent, solution of chloride of gold and 
potassium for half an hour, washes in water, and reduces in sun- 
light in 1 per cent, arsenic acid solution, which is changed for 
fresh as fast as it becomes brown. Mount in glycerine. Sunny 
weather is necessary. 

406. ApAthy’s Method (Zeit wiss. Mih, x, 1893, p. 349 ; 
Mitth, Zool. Stat. Neapel, xii, 1897, p. 729) : The material to be 
used must have been fixed either in sublimate or in a mixture of 
equal parts of saturated solution of sublimate in 0-5 per cent, salt 
solution and 1 per cent, osmic acid (this more particularly for 
Vertebrates). The material should be imbedded as quickly as 
possible, either in paraffin or in celloidin. Sections are made and 
fixed on slides, and after the usual treatment with iodine, etc., 
are either put into distilled water for from two to six hours, or are 
rinsed in water, treated with one minute with 1 per cent, formic 
acid, and again well washed with water. 

They are then put for twenty-four hours, or at least over- 
night, into the gold-bath, which is preferably 1 per cent, gold 
chloride (see § 390 et s^j.),butma:y be weaker, down to OT percent., 
after which they are just rinsed with water or superficially dried 
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with blotting-paper. The slides are then set up on end in a 
sloping position, the sections looking downwards, so that pre- 
cipitates may not fall on them, in glass tubes filled with 1 per 
cent, formic acid. The tubes are then exposed to light until the 
gold is reduced, as directed in § 394 sub jin, 

Lee found it advantageous to reduce in weak solution of form- 
aldehyde, either with or without formic acid. 

SzuTz {Zeit, wiss* Mik,, xxix, 1912, p. 292) reduces as Apathy 
for one day, then rinses and puts back for the night into the gold, 
then for the next day again into the formic acid. 

407. Impregnation of Marine Animals. For some reason the 
tissues of maiine animals do not readily impregnate with gold 
in the fresh state. It is said by Fol that impregnation succeeds 
better with spirit specimens. 

408. Preservation of Impregnated Preparations. Preparations 
may be mounted either in balsam or in acidulated glycerine (1 per 
cent, formic acid). 

Theoretically they ought to be permanent if the reduction of 
the metal has been completely effected, but they are very liable 
to go wrong through after-blackening. Ranviee states that this 
should be avoided by putting them for a few days into alcohol, 
which he says possesses the property of stopping the reduction of 
the gold. 

Blackened preparations may be bleached with cyanide or ferri- 
cyanide of potassium. Redding employs a weak solution of 
ferricyanide, Cybulsky a 0*5 per cent, solution of cyanide. 

Preparations may be double-stained with the usual stains 
(safranin being very much to be recommended), but nuclei will 
only take the second stain in the case of negative inipregnation. 

OTHER METALLIC STAINS 

409. Osmic Acid and Pyrogallol. This method was first pub- 
lished by Lee in 1887 {Le Cellule, iv, p. 110). It consists in 
putting tissues that have been treated with osmic acid into a 
weak solution of pyrogallol, in which they quickly turn greenish- 
black, sometimes too much so. 

Hermann {Arch. Mik. Anat, xxxvii, 4, 1891, p. 570) put 
platino-aceto-osmic material hardened in alcohol for twelve to 
eighteen hours into raw pyroligneous acid. This acid ought 
{Ergebnisse der Anat, ii, 1893, p. 28) to be as raw as possible, and 
to be of a dark brown colour and evil-smelling. (The stain obtained 
in this way is not due to a mere reduction of the osmic acid, but 
also to coloration by the brown pyroligneous acid ; for Hermann 
has obtained the same stain with sublimate material, or alcohol 
material {op, cit., i, 1891 [1892], p. 7).) Lee found this gives much 
better results than the pure osmic acid process, but not the best 
possible. Lee proceeded as follows : 
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Hermann or Flemming material is brought in bulk, directly after 
fixing, into a weak aqueous solution of pyrogallol. The tissues may 
remain in it for twenty-four hours, but for small objects an hour or less 
is sufficient. An alcoholic solution of pyrogallol may be taken if desired. 
Rawitz (Lehrbtich, p. 60) takes 20 per cent, aqueous sol. of tannin. 

There is thus obtained a black stain, which is at the same time a 
plasma stain and a nuclear stain, chromatin being so far stained that 
it is not necessary to have recourse afterwards to a special chromatin 
stain. With Invertebrates it sometimes gives very elegant differentia- 
tions of nervous tissue. It is a very easy method, and if pyrogallol be 
used a very safe one (with pyroligneous acid not so safe). 

If it be desired to add a chromatin stain, Lee recommended safranin 
(stain very strongly, tw’enty-four hours at least, and start the extraction 
with acid alcohol). 

This method has been attributed to von Maehrenthal. See also 
modifications of this method by Azoulay and Heller and Gumpertz ; 
also one by Kolossow (Zeit. wiss, Mik,, ix, 1892, p. 38, and ix, 1893, 
p. 361). 

410. Perchloride of Iron. This reagent, introduced by Polaillon 
(Journ, de VAnat., in, 1866, p. 43), sometimes gives useful results, 
especially in the study of peripheral nerve-ganglia, in which it stains 
the nervous tissue alone, the connective tissue remaining colourless. 

The Hoggans proceed as follows (Journ. Quekett Club, 1876 ; Journ. 
Roy. Mic. Soc,, ii, 1879, p. 358) : The tissue (having been first fixed 
with silver nitrate, which is somewhat reduced by a short exposure to 
diffused light) is dehydrated in alcohol, and treated for a few minutes 
with 2 per cent, solution of perchloride of iron in spirit ; then with a 
2 per cent, solution of pyrogallic acid in spirit, and in a few minutes 
more, according to the depth of tint required, may be washed in water 
and mounted in glycerine. 

Fol fixes in perchloride and treats for twenty -four hours with alcohol 
containing a trace of gallic acid. 

Polaillon (loc. cit.) reduces in tannic acid. 

The method is not applicable to chromic objects. 

Golodetz and Unna (Monats. prakt. Derm., xlviii, 1909, p. 153), 
put sections of skin for five minutes into fresh mixture of 1 per cent, 
perchloride of iron and 1 per cent. sol. of ferricyanide of potassium. 
See also Unna and Goi.odetz, xlix, 1909, p. 97. 

Roosevelt (Med. Rec., ii, 1887, p. 84 ; Journ. Roy. Mic. Soc., 1888, 
p. 157) employs a stain composed of 20 drops of saturated solution of 
iron sulphate, 30 grm. water, and 15 to 20 drops pyrogallic acid. 


CHAPTER XVIII 

OTHER STAINS AND COMBINATIONS 

411. Kemschwarz. See earlier editions. 

412. Brazilin, the colouring matter of Brazilian redwood or Pernam- 
buco wood, has been recommended by Eisen {Zeit. wiss. Mik., xiv, 1897, 
p. 198) and Hickson {Nature^ Ixii, 1900, p. 589, and Quart, Journ. Mic. 
Sci,^ 1901, p. 469). Mayer {Grundziige^ p. 203) finds that, in alum 
solution, it gives a stain similar to that of hsematein, but much weaker. 

Iron-Brazilin (Hickson, Quart, Journ, Mic, Sci,, xliv, 1901, 
p. 470) is better. Sections are mordanted for one to three hours 
in 1 per cent. sol. of iron alum in alcohol of 70 per cent, (made 
by dissolving 1 grm. of the salt in 23 c.c. of water, warm, and 
adding 77 c.c. of 90 per cent, alcohol after cooling), rinsed with 
alcohol, and put for three to sixteen hours into 0*5 per cent. sol. 
of Brazilin in alcohol of 70 per cent. 

413. Orchella (Orseille), see Wedl {Arch, path, Anat.^ Ixxiv, p. 413) 
and Fol {Lehrb., p. 192), and early editions of this work. 

414. Orcein (Israel, Virchow^s Archiv, cv, 1886, p. 169 ; and 
Prakticum der path. Hist,, 2 Aufl., Berlin, 1893, p. 72) is a dye 
obtained from the lichen, Lecapora parella (tinctoria), and is not 
to be confused with orcin, another derivative of the same lichen. 
It is now made synthetically. It is said to unite in itself the stain- 
ing properties of the basic and acid stains, and also the com- 
bination of two contrast colours. Israel stains sections in a 
solution containing 2 grm. of orcein, 2 grm. of glacial acetic acid, 
and 100 c.c. of distilled water, washes in distilled water, and 
passes rapidly through absolute alcohol to thick cedar oil, in 
which the preparations remain definitely mounted. Nuclei blue, 
protoplasm red. 

Its principal use is for Unna’s elastin and in the newer acetic 
orcein for chromosomes, see § 660. 

See also ‘‘ Connective Tissues ” in Part II, and Laurent, Zeit, wiss, 
Mik,, xiii, 1896, p. 302 ; Ruzicka, ibid,, xiv, 1898, p. 455 ; and Wolfe, 
ibid,, xix, 1903, p. 488. 

415. Purpuritt, see Ranvier’s Traite technique, p. 280 ; Duval’s 
Precis de Technique histologique, p. 221 ; and Grenacher’s formula in 
Arch, mik, Anat,, xvi, 1879, p. 470. A very weak stain. 

416. Indigo. Indigo is employed in histology in the form of solutions 
of so-called indigo carmine, or potassium or sodium sulphindigotate. 
The simple aqueous solution gives a diffuse stain, but is of use when 
employed in conjunction with carmine. Thiersch’s Oxalic Acid Indigo- 
Carmine (see Arch, mik, Anat, i, 1865, p. 150). Other Vegetal Dyes. 

early editions. 
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CARMINE COMBINATIONS 

417. Mayer’s Carmalum (or Haemalum) and Indigo-Carmine in 
One Stain. Mayer [Mitth. ZooL StaL Neapel, xii, 1896, p. 320) 
obtains very good results by taking a solution of 0*1 grm. of 
indigo-carmine in 50 c.c. of distilled water, or 5 per cent, alum 
solution, and combining it with from 4 to 20 volumes of carmalum 
or haemalum. 

418. Carmine and Picro-Indigo-Carmine (Ramon y Cajal, 
Rev. de Sienc. med., 1895 ; Calleja, Rev. trim. Microgr., ii, 
1897, p. 101 ; Zeit. wiss. Mik., xv, 1899, p. 323). For use after 
a carmine stain, Ram6n takes a solution of 0-25 grm. of indigo- 
carmine in 100 grm. saturated aqueous solution of picric acid. 
Stain (sections) for five to ten minutes, wash in weak acetic acid, 
then in water, then remove the excess of picric acid with absolute 
alcohol, clear and mount. 

Ram6n also (Elementos de Histologia, 1897 ; quoted from La 
Cellule, xix, 1901, p. 212) employs the picro-indigo mixture after 
Magenta ; stain strongly in saturated solution of magenta, rinse 
in water until no more colour comes away, and pass into the 
indigo mixture. See also Borrell, Ann. Inst. Pasteur, 1901, 
p. 57, or Lee et Henneguy, TraiU, p. 268. 

419. Carmine and Aniline Blue (or Bleu Lumi^re, or Bleu de Lyon) 
(Duval, Pricis de Technique Microscopique, 1878, p. 225). Stain 
with carmine; dehydrate, and stain for a few minutes (ten 
minutes for a section of nerve-centres) in a solution of 10 drops 
of saturated solution of aniline blue in alcohol to 10 grm, of absolute 
alcohol. Clear with turpentine, without further treatment with 
alcohol, and mount in balsam. 

Other authors recommend, instead of aniline blue, bleu de 
Lyon, dissolved in 70 per cent, alcohol acidulated with acetic 
acid (Maurice and Schulgin), or bleu lumifere. 

The solutions of both of these colours should be extremely dilute 
for sublimate material, but strong for chrome-osmium material. 
It is possible to use them for staining in bulk. 

Baumgarten (Arch.mik. Anat., xl, 1892, p. 512) stains sections 
(of material previously stained in borax-carmine) for twelve 
hours in a 0*2 per cent, solution of bleu de Lyon in absolute 
alcohol, and washes out for about half that time before mounting 
in balsam. He recommends the process for cartilage and nerve- 
centres. 

420. Carmine and Malachite Green. Maas (Zeit. wiss. ZooL, 1, 4, 
1890, p. 527) recommends borax-carmine followed by weak alcoholic 
solution of malachite green, with a final washing out with stronger 
alcohol. Carmine and Picro-nigrosin (Pianese). See Journ, Roy. 
Mic. Soc., 1892, p. 292. 
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Hi^MATEIN OR H.EMATOXYLIN COMBINATIONS 

421. Haematoxylin and Picric Acid. See § 319. 

422. Haematoxyiin and Eosin. This popular combination gives 
results that are aesthetically beautiful, but (for most objects) is 
not so useful as many others, the eosin lacking in electivity. 
Objects may be stained with haematoxylin (either in the mass or 
as sections) and the sections stained for a few minutes in eosin. 
Lee thought it better to take the eosin weak, though it had been 
recommended (Sthoe, see ZeiL wi$s. Mik., i, 1884, p. 583) to 
take it saturated. Either aqueous or alcoholic solutions of eosin 
may be used. 

Hickson {Quart, Journ, Mic, Sci., 1893, p. 129) stained sections 
for one hour in a strong solution of eosin in 90 per cent, alcohol, 
washed with alcohol, and stained for twenty minutes in a weak 
solution of haematoxylin. 

This method is most particularly recommendable for embryo- 
logical sections, as vitellus takes the eosin stain energetically, 
and so stands out boldly from the other germinal layers in which 
the blue of the haematoxylin dominates. 

Sections should be very well washed before being passed from 
eosin into haematoxylin or the reverse, as eosin very easily pre- 
cipitates haematoxylin. 

423. Haematoxylin and Congo. See § 326, 

424. Haematoxylin and Safranin, Rabl {Morph. Jahrb., x, 1884, 
p. 215) stained very lightly with very dilute Delafield’s haematoxylin for 
twenty-four hours, then for some hours in (Pfitzner’s) safranin, and 
washed out with pure alcohol. The plasma stain is here given by the 
haematoxylin. 

Similarly Regaud, Verh. Anat. Ges., xiv, 1900, p. 112. 

Fol {Festschr, Virchow, 1891, p. 481) stains in a miceture of 
25 c.c. of Rohmer’s haematoxylin, 20 of 1 per cent, solution of 
safranin, and 100 of water for one to three minutes. 

425. Haematoxylin and Saurefuchsin (acidfuchsin). Stain first 
with iron haematoxylin or haemalum, under-differentiate, then 
stain (sections) in 0*5 per cent, aqueous solution of Saurefuchsin, 
dehydrate and mount. 

426. Haematoxylin and Saurefuchsin and Orange. Proceed as 
above, using for the second stain the following mixture ; Saure- 
fuchsin, 1 grm. ; orange, 6 grm. ; rectified spirit, 60 c.c. ; water, 
240 c.c. (from Squire’s Methods and Formulce, p. 42). Using 
orange G (not mentioned by Squire), we have had very good 
results. 

The method of Cavazzani {Biforma Med., Napoli, 1893, p. 604 ; 
Zeit. wiss. Mik., xi, 3, 1894, p, 344) is far too complicated. 

427. Haematoxylin and Picro-Saurefuchsin (van Gieson. New 
York Med. Journ., 1889, p, 57; quoted from Moeller, Zeit, 
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wiss\ MiK, XV, 2, 1898, p. 172 ; wMcli see for further details). 
Proceed as above, using for the second stain the picro-Saure- 
fuchsiii mixture, § 320. The second stain must not be too pro- 
longed, or you under-differentiate the first one. 

Weigert {Zeit miss. Mik,, xxi, 1904, p. 1) stains first in his 
iron-haematoxylin mixture (§ 280), rinses in water, and stains 
for a short time in his picro-Saurefuchsin (§ 320), rinses, dehy- 
drates with 90 per cent, alcohol, and clears with carbolic acid- 
xylol mixture (1 : 3). 


CHAPTER XIX 

EXAMINATION AND MOUNTING MEDIA 

428. Introductory. We comprehend under this heading all the 
media in which an object may be examined to advantage. 

All preservative media may be used for mounting, though the 
only media that will afford an absolutely sure preservation of soft 
tissues are the resinous ones. 


429. Refractive Indices of Examination and Mounting Media. 
An examination medium should be of such a refractive index as to 
afford a due degree of visibility of colourless {unstained) elements. 
The visibility of these is inversely as their transparency when 
penetrated by the medium. It is directly proportional to the 
difference between the refractive indices of the object and of the 
medium in which it is mounted. The greatest transparency is 
obtained when the refraction of the medium is the same as that 
of the tissue elements. Media having a lower index than that of 
the tissues give diminished transparency, but greater visibility. 
Media having a higher index than that of the tissues give great 
transparency, hut diminished visibility oi (unstained) details. 
Now the index of refractions of most tissue elements, after fiixation 
and dehydration, is occasionally higher than that of Canada 
balsam : so that media of the greatest clearing power {i.e, giving 
the greatest transparency) must be looked for amongst reagents 
having an index superior to that of balsam, whilst for enhanced 
visibility of detail we must employ less refractive media, such as 
castor oil, glycerine, or water. 

The following short list, extracted from Behuens’ Tabellen 
zum Gebrauch bei mikroskopischen Arbeiten, Braunschweig, 1892, 
p. 42, and other sources, may be useful as a guide to the 
optical effects of Yoxious media. The figures give the approxi-^ 
mate indices of refraction. They should be accepted with some 
caution, on account of the variability of samples. The figures 
given for balsam refer evidently to the resin in the solid state and 
not to the solutions used for mounting, which are certainly much 
lower, according to the lower index of the solvent. 
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206 EXA3nNATION AND MOUNTING MEDIA 


Air . . . . 1-000 

Methyl alcohol . . 1-323 

DistHled water . . 1-336 

Sea water . . . 1*343 

Solution, of white of egg . 1*350 

Absolute alcohol . . 1-367 

Acetate of potash, satu- 
rated aqueous sol. . 1-370 

Glycerine with an equal 

quantity of water . 1-397 

Chloride of calcium, 90 per 

cent, in water . . 1*411 

Glycerine, Price’s . . 1*460 

Oil of bergamot . . 1-464 

Liquid paraffin . . 1*471 

Olive oil . . . 1*473 

Oil of turpentine . . 1*473 

Glycerine, ‘‘ concentrated ” 1*473 
Gilson’s Baume au Camsal 1 *478 
Gilson’s Euparal . . 1*483 

Terpinol . . . 1*484 

Castor oil . . . 1-490 

Xylol . . . . 1*497 

It will be seen that cedar oil has nearly the index of crown glass 
(this is true of the oil in the thick state to which it is brought by 
exposure to the air — ^not of the new, thin oil, which is less highly 
refractive) ; it therefore clears to about the same extent as Canada 
balsam. Clove oil has a much higher index, and therefore clears more 
than balsam ; cinnamon oil higher still. Turpentine and bergamot oil 
have much lower indices, and therefore clear less. Note methyl 
benzoate as a thin substitute for cedar-wood oil for cover slip fresh 
mounts. 

WATERY MEDIA* 

430. Medium of Farrants (Beale, How to Work, etc., p. 58). 
Picked gum arabic 4 oz., water 4, glycerine 2. See also the Micro- 
graphic Dictionary, and A. F. Stanley Kent, in Journ, Boy. 
Mic. Soc., 1890, p. 820. 

431. Faure’s Gum Choral (Annali di hotanica, viii, 1910). A 
mountant for insects, etc., used in British and other museums. 

Distilled water . . . . .50 c.c. 

Gum arabic . . . . . 30-40 grm. 

Glycerine , . . . . . 20 c.c. 

Chloral hydrate . . . . . 50 grm. 

Mix cold as follows : First dissolve the chloral hydrate, then 
add the glycerine, stir thoroughly, break up the gum, put in a 
gauze bag and suspend in the fluid till dissolved. Try to avoid 
filtering, and keep out the air w'hile the gum is being dissolved. 
Langeron says he has used this fluid for moulds, and helminth 
eggs in faeces. 

* Practically all these aqueous media harden best if the slides are left on a 
warm plate for some days. For sealing see next Chapter. 


I Cedar-wood oil, not thick- 


ened . 

1*510 

Methyl benzoate 

1-517 

Crown glass , 

1*518 

Cedar-wood oil, thickened 

1-520 

Gum damar . 

1*520 

Xylol balsam 

1*524 

Oil of lemons . 

1*527 

Oil of cloves . 

1*533 

Canada balsam (solid) 

1*535 

Creosote 

1*538 

Coiophonium . 

1*545 

Carbolic acid . 

1*549 

Oil of aniseed 

1*557 

Oil of cinnamon (or cassia) 

1*567 

Aniline oil . 

1*580 

Sulphide of carbon . 

1*630 

Tolu balsam . 

1*640 

Monobromide of naphtha- 
lene .... 

1,660 

Solution of sulphur in sul- 
phide of carbon . 

1*750 

Hyrax . . • 

1*82248 
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Gater (Bull. Ent. Bes., 19, 1929, 362) finds this medium too fluid 
for insect larvae and uses the following modification : HgO, 10 c.c. ; 
gum arabic, 8 grm. ; chloral hydrate, 74 grm. ; glucose syrup (98 grm. 
glucose in 100 c.c. water), 5 grm. ; glacial acetic acid, 3 grm. 

432. Hoyeb’s Gum with Chloral Hydrate or Acetate of Potash (BioL 
Cenimlb., ii, 1882, pp. 23, 24). A high 60 c.c. glass with a wide neck 
is filled two-thirds with gum arabic (in pieces), and then either a 
solution of chloral (of several per cent.) containing 5-10 per cent, of 
glycerine is added or officinal solution of acetate of potash or ammonia. 
Filter after solution. The solution with chloral is for carmine or 
hsematoxylin objects— that with acetate for aniline objects. 


433. Berlese’s Gum Chloral for Acarina and Insecta gives good 
results : — 


H^O . . 

Gum arabic . 
Chloral hydrate 
Glucose syrup 
Glacial acetic acid 


20 c.c. 

15 grm. 
up to 160 grm. 
10 c.c. 

5 c.c. 


Dissolve the gum in water first, add the glucose syrup, then chloral 
hydrate to saturation. Note that this mountant contains no 
glycerine (see § 438). 


The living specimens may be placed directly on the medium on the 
slide, or may be killed by a short immersion in 10 per cent, acetic acid, 
or boiling water. If the specimens are in alcohol they should be washed 
in 10 per cent, acetic acid before mounting. After the cover-glass is 
put on, gently warm the slide, then allow to cool, and leave for one or 
two weeks to dry and set. Ring the slide with a waterproof substance 
and finally ring with a layer of Canada Balsam. 

434. W. H. Doetschman’s Gum Chloral Stain Mountant. This 
kills, fixes, dehydrates, clears, stains and mounts a specimen all 
in one operation, using the following modification of Berlese’s 
medium : water, 35 c.c. ; chloral hydrate, 20 grm. ; gum arabic, 
20 grm. ; glycerine, 20 c.c. ; glucose syrup, 3 c.c. ; basic fuchsin, 
10 drops or more (0-3 grm. per 10 c.c. in 95 per cent, alcohol). 
Highly chitinized specimens should be treated with 10 per cent. 
KOH from overnight to twenty-four hours. Oven treatment 
at 37° to 50° C. from a few hours to one day will give a permanent 
mount. With this medium crystallisation is absent and prepared 
slides are resistant to sunlight (Trans, Amer, Micr, Soc., vol. 63, 
1944). V , ; 

435. ApIthy’s Gum and Syrup Medium (see § 377). This 
medium sets very hard and may also be used for ringing glycerine 
mounts. Used nowadays for fat preparations. 

436. Brun’s Glucose Medium (from Fabre-Domebgue’s Premiers 
Principes du Microscope, 1889, p* 123). Distilled water 140 parts, 
camphorated spirit 10, glucose 40, glycerine 10. Mix the water, glucose, 
and glycerine, then add the spirit, and filter, Henneguy informed Lee 
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that this liquid preserved the colour of preparations stained with aniiiii 
dyes, methyl green included, 

437. Levulose is recommended by Behkens, Kossel u, 
ScHiEFFEEDECKER {Das Mikroskrop, etc., 1889). It is uncry- 
stailisable, and preserves well carmine and coal-tar stains (hsema- 
toxyliii stains fade somewhat in it). The index of refraction is 
somewhat higher than that of glycerine. Objects may be brought 
into it out of water. 

Levulose Syrup (attributed by Langeron to Michaelis). Mix the 
levulose with a little less than its own volume of water, leave twenty- 
four hours in oven until it is a thick liquid. When mounting pass 
directly from water to syrup. Ring the preparations. Mallory (p. 99) 
gives 30 grni. levulose dissolved in 20 c.c. water by w^arming to 37° C. for 
twenty-four hours. This and Apathy are used for mounting frozen 
sections staiiied for fat. 

C. R. Monk’s Aqueous Medium for Mounting Small Objects (Science, 
vol. 88, p. 174, 1988). This medium is capable of allowing the mounting 
of minute parts of marine copepods so that an oil immersion lens can 
be used on them. It is a modification of Zirkle’s Karo medium, as 
follows : white Karo syrup, 5 c.c. ; Certo, 5 c.c. ; water, 3 c.c. ; 1 
crystal of thymol. When mounting, this medium begins to set in 
about two minutes ; regulate the velocity of setting by varying the 
water content. Dry by heat, and secure the cover glass with a drop of 
euparal. 

438. Glycerine. Glycerine diluted with water is frequently 
employed as an examination and mounting medium. Dilution 
with water is sometimes advisable on account of the increased 
visibility that it gives to many structures. But for efficacious 
preservation undiluted glycerine, the purest that can be pro- 
cured, should be used (see Beale, How to Work, etc.). 

For closing glycerine mounts, the edges of the cover should 
first (after having been cleansed as far as possible from super- 
fluous glycerine) be painted with a layer of glycerine jelly ; as 
soon as this is set a coat of any of the usual cements may be 
applied. See next chapter. 

Glycerine dissolves carbonate of lime, and is therefore to he rejected 
in the preparation of calcareous structures that it is wished to 
preserve. 

Extra-refractive Glycerine. The already high index of refraction 
of glycerine (Price’s glycerine, n = 1*46) may be raised by dissolving 
suitable substances in it. Thus the refractive index of a solution of 
chloride of cadmium (CdCl 2 ) in glycerine may be 1*504 ; that of a 
saturated solution of sulphocarbonate of zinc in glycerine may be 1-501 ; 
that of a saturated solution of Schering’s chloral hydrate (in crusts) in 
glycerine is 1*510 ; that of iodate of zinc in glycerine may be brought up 
to 1*56. For further details sec previous editions, or Tourn. Roy, Mic. 
Soc., ii, 1879, p. 346 ; iii, 1880, p. 1051 ; (N.S.), i, 1881, pp. 943 and 366. 

439. Amakn’s Lactophenol (from Langeron, C. B. Soc, Biol. , 
Iviii, 1905, p. 750). Carbolic acid, 20 ; lactic acid, 20 ; glycerine 
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40 ; water, 20. For Nematodes, Acarids, etc. Add gradually 
drop by drop to the water containing the organisms. Not for 
mounting. Mount in glycerine jelly. (See also, Amann^ Zeit. /. 
wiss, Mik,, 1896.) 

440. S. Mukerji’s Lactochloral. This is an improved Amann, 
in which objects can be mounted permanently. Dissolve 5 grm. 
of chloral hydrate in a mixture of 10 c.c. of aq. dest. and 10 c.c. 
glycerine and 20 grm. of lactic acid, add 5 c.c. of formalin and 
2 c.c. of glacial acetic acid. Ring the preparations. Recom- 
mended like Berlese and Faure, mainly for arthropods. 

441. Glycerine and Alcohol Mixtures. These afford one of the 
best means of bringing delicate objects gradually from weak into 
strong glycerine. The object is mounted in a drop of the liquid, 
and left for a few hours or days, the mount not being closed. 
By the evaporation of the alcohol the liquid gradually increases 
in density, and after some time the mount may be closed, or the 
object brought into pure glycerine or glycerine jelly. 

To pass alcohol specimens to glycerine, “ H. J. F.,” in Watson’s 
Microscope Record, No. 9, 1926, suggests the following ingenious method : 
Obtain a phial 1 inch in diameter. Pour in glycerine 1 inch in height. 
Take a strip of J inch gummed paper and place it outside so that its 
lower edge is level with the surface of glycerine. Float on to the glycerine 
a mixture of 9 parts of 90 per cent, alcohol, 1 part ether, until its surface 
is level with the upper edge of the paper. Transfer the object into the 
upper layer with a camel-hair pencil. Evaporation should be complete 
in twenty-four hours, when the specimen is ready, mount in glycerine or 
jelly. 

The beautiful specimens sold by dealers in microscope slides, and 
mounted in glycerine jelly, etc., are made as follows, patience being the 
main requisite. Kill in weak formalin (2J per cent.) and bring into 
1, 2, 3, 4, 5, 6, 8, 10, 12, 15, 18, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100 
per cent, glycerine, leaving for a day in each solution, the first eight 
solutions being made with 2J per cent, formalin, the rest with plain 
water. (See D. S. Spence, Watson’s Microscope Record, No. 25, 1932.) 

1. Calbekea’s Liquid (Zai. zom. ZooZ., XXX, 1878, p. 442). Glycerine 
1 part, alcohol 2, water 3. 

2. We strongly recommend the following for very delicate objects : 
Glycerine 1 part, alcohol 1, water 2. 

3. Hantsch’s Liquid. Glycerine 1 part, alcohol 3, water 2. 

4. Jagek’s Liquid (Vogt and Yung’s Traiie d^Anat Comp, Prat,, 
p. 16). Glycerine 1 part, alcohol 1, sea water 10. 

442. Glycerine Jellies have a higher index than pure glycerine, 
and set hard enough to make luting unnecessary, though it is 
well to varnish the mount. To use them, you melt a small 
portion on a slide, introduce the object (previously soaked in 
water or glycerine), and cover. 

Glycerine jelly mounts will last perfectly if properly sealed ; some, 
now fifty-four years old, and in splendid condition, are in the possession 
of Mr. G. T. Harris of the Queckett Microscopical Club. 
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443. Lawrence’s Glycerine Jelly (Davies, Preparation and 
Mounting of Microscopic Objects^ p. 84). Soak some gelatine for 
two or three hours in cold water, pour off the superfluous water, 
and heat until melted. To each fluid ounce of the gelatine, whilst 
it is fluid but cool, he adds a fluid drachm of the white of an egg. 
Boil until the albumin coagulates and the gelatine is quite clear, 
and to each ounce of the solution add 6 drachms of a mixture 
composed of 1 part of glycerine to 2 parts of camphor water. 

444. Brandt’s Glycerine Jelly {Zeit. wiss. Mih., ii, 1880, p, 69). 
Melted gelatine 1 part, glycerine 1| parts. The gelatine to be 
soaked in water and melted as above. After incorporating the 
glycerine, filter through spun glass pressed into the lower part of 
a funnel. He describes a simple arrangement for keeping the 
funnel warm during the filtering (see early editions). Some drops 
of carbolic acid should be added. 

445. Zwemer’s Glychrogel ’’ Mounting Solution is primarily 
intended for mounting frozen sections. It is made up as follows : — 


Glycerine 

Gelatine, granulated 
Chrome alum 
Distilled water 


20 c.c. 
3 grm, 
0*2 „ 
80 c.c. 


Dissolve separately the chrome alum in 30 c.c. of water and the 
gelatine in 50 c.c. of water, using heat in both cases. Combine the 
glycerine with the gelatine solution while the latter is still warm and 
then, while stirring, add the warm chrome alum solution. After 
thoroughly mixing, filter and add a bit of camphor as a preservative. 
Keep the bottle well stoppered to prevent evaporation. To use, warm 
the solution in an oven to about 30° to 37° C., when it will flow freely. 


446. Kaiser’s Glycerine Jelly has been given § 204. 

447. Squire’s Glycerine Jelly (Squire’s Methods and Formulce, 
etc., p. 84). Soak 100 grm. of French gelatine in chloroform 
water, drain when soft, and dissolve with heat in 750 c.c. of 
glycerine. Add 400 c.c. of chloroform water with which has 
been incorporated about 50 c.c. of fresh egg-albumen ; mix 
thoroughly, and heat to boiling-point for about five minutes. 
Make up the total weight to 1550 c.c. with chloroform water. 
Filter in a warm chamber. 

448. Heidenhain {Zeit, wiss, Mik,, xx, 1905, p. 328) takes of 
gelatine 9 parts, glycerine 7, and water 42, and to the filtrate adds 
drop by drop 14 parts of absolute alcohol. 

449. Fischer {Zeit. wiss. Mik., xxix, 1912, p. 65) takes 5 grm. of 
borax dissolved in 240 c.c, of water and adds 25 c.c. of glycerine. 
To this he adds 40 grm. of gelatine, dissolves with heat, and con- 
tinues to heat gently tmtil the solution has somewhat thickened. 
This remains fluid at ordinary temperatures. 

450. Gilson’s Chloral Hydrate Jelly (communicated by Gilson). 
One vol. of gelatine, melted by heat, and 1 vol. of Price’s glycerine. 
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Mix and add crystals of chloral hydrate until the volume has 
increased by one half ; warm till dissolved. This gives a very 
highly refractive medium. 

Geoffeoy, Journ, de Botan,, 1893, p. 55 (see Zeit wise. Mik.^ 
ix, 1893, p. 476), dissolves, by the aid of as little heat as possible, 
3 to 4 grm. of gelatine in 100 c.c. of 10 per cent, aqueous solution 
of chloral hydrate. 

451. Polyvinyl Alcohol is a new aqueous mounting medium 
(Lubkin and Caksten, Science, 95, 1942, Downs, ibid., 97, 1943) 
and has been used for imbedding also. Downs {Science, 97, 1943, 
p. 540) has used it successfully for insect larva but the method 
undoubtedly has wider application. For mosquito terminalia, 
his procedure is : After clearing in 10 per cent. KOH and staining 
lightly in acid fuchsin, place in a drop of polyvinyl lactophenol 
(polyvinyl alcohol 56 per cent., phenol 22 per cent., lactic acid 
22 per cent.) on a slide and dry in an incubator ; the parts will be 
firmly held in a dried transport film, which can be covered with a 
drop of mounting medium and coverglass as usual. 

Salnion’s Polyvinyl Lactophenol. J. T. Salmon (T, B, S., New 
Zealand, 1947-48, and communicated) has proposed four formulae 
based on two low viscosity polyvinyl alcohols labelled “ Elvanol ” 
Type A, 51.A.05, and Type B, 70.A.50. 

To prepare a set of these four formulae first make up 90 c.c. lacto- 
phenol by dissolving 45 grm. phenol detached crystals B.P. in 45 c.c. 
lactic acid B.P. Type A.l is made by weighing out into a clean beaker 
2*5 grm. low viscosity Type A polyvinyl alcohol ; dissolve it in 6 c.c. 
distSled water. This makes a stiff white paste to which is added, with 
vigorous stirring, 30 c.c. of lactophenol solution. Clear by heating on 
a water-bath. The resultant mountant is a colourless, crystal clear, 
relatively viscous, oily liquid of refractive index 1*469 ; it sets suffi- 
ciently hard for normal use after eight hours drying in a paraffin oven 
held at 56° C. In normal atmosphere at 60°-65° F. it takes six weeks 
to set. Type A.2 is made from the same quantity of the same polyvinyl 
alcohol dissolved in 10 c.c. distilled water : add 25 c.c. lactophenol 
solution, clear as before ; the resulting mountant has a refractive index 
of 1*458 and sets in about the same time as the previous one. Type A.3 
with a refractive index of 1*447 is made by dissolving the same amount 
of polyvinyl alcohol Type A in 15 c.c. water and adding 25 c.c. lacto- 
phenol solution ; but this medium is much slower in setting, requiring 
several days in the oven to harden it sufficiently for normal use, although 
about eight hours will harden it sufficiently for observations to 
be made provided the slide is handled with great care. Type B is made 
from 2*5 grm. low viscosity polyvinyl alcohol dissolved in 10 c.c. 
distilled water : add 15 c.c. lactophenol solution. This makes a medium 
of refractive index 1*438 which sets hard enough for normal use after 
one hour in the paraffin oven at 56° C. The warming of the mount in 
the paraffin oven helps to extend the specimen. 

We have found these formulse extremely successful in that they 
do not cause shrinkage to any marked degree ; in fact, there is a 
marked tendency to relax and extend the appendages of small 
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insects and arthropods mounted in them. The clearing action is 
extremely strong, most pale pigments being destroyed, but the 
refractive index is quite low — a great advantage in studying 
biological material. 

452. Comment. Dr. William Stevenson gives us the following 
tentative comments on some of these media, for Nematodes. Polyvinyl 
alcohol, no good ; gum chloral, alizarins, may be incorporated in this ; 
it has the right refractive index for larger forms, clears a little too much 
for smaller ones ; nematodes become flabby and coverslip should have 
a support ; glycerine jelly, excellent for the more robust forms, tricky 
but possible for smaller fragile forms ; xam, euparal and a well known 
proprietary neutral mounting medium not good, may be not as good as 
straight Canada Balsam ; lactophenol, not much good because of 
possible browning, fluidity, too low refractive index, but it is easy to 
work and you can get excellent extension of the body : many stains 
can be incorporated in this medium, and it is widely used. Xylol 
with phenol is the best clearing agent preparatory to balsam, the phenol 
extends the cuticle and thus avoids the usual shrinkage. 

RESINOUS MEDIA 

453. Resins and Balsams. Resins and balsams of a 
vitreous or amorphous substance held in solution by an essential 
oil. By distillation or drying in the air they lose the essential 
oil and pass into the solid state. It is these solidified resins that 
should be employed for microscopical purposes ; for the raw 
resins always contain a certain proportion of water, which makes it 
difficult to obtain a clear solution with the usual solvents, and is 
injurious to the optical properties of the medium and to the 
preservation of stains. All solutions should therefore be made by 
heating gently the balsam or resin in a stove until it becomes 
brittle when cold, and then dissolving in an appropriate men- 
struum. 

J. E. Maron’s Method for Preparing Balsam (Communicated). This 
will be found an improvement on the usual balsam : If 4 oz. of crude 
balsam are to be processed, pour the same volume of water into a shallow 
dish and bring to the boil on a hot plate. Put the balsam into this boiling 
water and stirring all the time : leave on the hot plate until all the water 
has boiled ofl. When this is completed the bubbles of water will cease 
to rise and the surface of the balsam will become clear. Remove 
from the hotplate and when cool it will be found to be brittle and 
hard. Prepared in this way, the balsam remains clear and does not 
brown, and slides prepared from it will harden in a few days. Marson 
uses xylol as solvent. 

454. Solutions made with volatile media, such as xylol and 
chloroform, set rapidly, but become rapidly brittle. Solutions 
made with non-volatile media, such as turpentine, set much less 
rapidly, and pass much less rapidly into the brittle state. 

Turpentine media preserve th.^ index of visibility of the preparations 
much longer than do media made with more volatile menstrua. Pre- 
parations made with these often become so transparent in course of 
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time that much fine detail is often lost. (Such mounts may, however, 
be rejuvenated without removing the cover by putting them for a day or 
two into a tube of benzol : the benzol penetrates the balsam, and brings 
it down to a lower refractive index). 

For a permanent mounting medium of somewhat low index 
Lee unhesitatingly recommended EuparaL For cases in which a 
still lower index is desired, Gilson’s camsal balsam. Turpentine 
colophonium is a safe and excellent medium, but is injurious to 
alum-haematein stains. For these, and in general where a strongly 
clearing medium is desired, xylol balsam is about the most recom- 
mendable, though it is not perfectly safe, the mounts sometimes 
developing granules. Seiler’s alcohol balsam is a fine medium, 
and perfectly stable. Oil of cedar is sometimes useful, it keeps 
perfectly, and with time it thickens sufficiently to hold the cover 
in place ; or if desired, preparations may be luted with Bell’s 
cement. 

455. Canada Balsam. Prepare with the solid balsam as described 
last §. The usual solvents are xylol, benzol, chloroform, and 
turpentine. Turpentine has the advantages pointed out last §, 
but the defect that it does not always give a homogeneous solution 
with Canada balsam, as it does with colophonium. For most 
purposes the xylol solution is the best. If time be an object, a 
benzol solution should be preferred, as it sets much quicker than 
the xylol solution. The chloroform (and clove oil) solutions 
become very brown with age, and are injurious to stains made 
with tar dyes. Benzol is very good when chemically pure and free 
from water. 

Sahli {Zeit. wiss. Mih., ii, 1885, p. 5) dissolved in cedar oil. 

ApIthy {Fauna Flora Golf. Neapel, xxii, 1909, p. 18) took 
balsam 2 parts, cedar oil (immersion) 1, and chloroform 1. 

Samples of balsam that are acid are frequently met with, and 
are injurious to some stains. It is preferable to buy neutral 
balsam. 

There seems to be a divergence of opinion among workers as 
to whether xylol or benzol is the better solvent for routine balsam. 
Dr. G. L. Alexandee, for instance, writes to us that he considers 
xylol illogical because it has two methyl side groups to undergo 
oxidation. Mr. Mum, of the Edinburgh Pathology Laboratory, 
always uses benzol, and has never had any serious trouble with fading.. 
We think that workers who have experienced fading with their 
xylol balsam should try benzol, which must, however, be pure 
and free from water. 

To prevent the lid of the balsam bottle from sticking, C. M. Hector 
(Watson’s Microscope Record, JSo. 21, 1930), uses a balsam bottle with 
a loose-fitting cap, places a ring of plasticine around the shoulder, and 
pushes the cap on it. Corks are, of course, quite useless. 


214 ■ EXAMINATION AND MOUNTING MEDIA 

456 . Seiler’s Alcoliol Balsam {Froc, Amer, Soc, Mic., 1881, 
pp. 60-2 ; Jotim. Boy. Mic. Soc. [N.S.], ii, 1882, pp. 126-7). 
Dissolve solid balsam in warm absolute alcohol, and filter through 
absorbent cotton. Objects may be mounted in it direct from 
absolute alcohol. We find it for most purposes admirable. It is 
one of the most stable solutions known to us. Care should be taken 
not to breathe on it, as this may cause cloudiness. 

457. Colophonium and Damar, not to be trusted. See previous 
editions. 

458. Thickened Oil of Turpentine has been used as a mounting 
medium by some workers. To prepare it, pour some oil into a plate, 
cover it lightly so as to protect it from dust without excluding the air, 
and leave it until it has attained a syrupy consistency. 

459. Gilson’s Sandarac Media (La Cellule^ xxiii, 1906, p. 427 : 
the formulae have not been published, on account of the extreme 
difficulty of preparation. There are three of these. They are all 
of them solutions of gum Sandarac in Camsal ” and other 
solvents (“ Camsal ” is a liquid formed by the mutual solution 
of the two solids salol and camphor). 

(1) Camsal balsam (baume au camsal), propylic alcohol formula ; 
a mixture of sandarac, camsal, and propylic alcohol, n = 0*478. 

(2) Camsal balsam, isobutylic alcohol formula, n = 1*485. 

(3) Euparal, a mixture of camsal, sandarac, eucalyptol, and 
paraldehyde, n = 1*483, There are two sorts of this, the colour- 
less and the green euparal vert ”), the latter containing a salt 
of copper, which intensifies hcematoxylin stains. 

Objects may be prepared for mounting in camsal balsam by 
a bath of propylic or isobutylic alcohol and for euparal by a 
bath of the special solvent, “essence d’euparal.” But this is 
not necessary. Objects may always be mounted direct from 
absolute alcohol, and even at a pinch from alcohol of 70 per cent. 
We generally prefer alcohol of 95 per cent, (absolute is dangerously 
volatile for sections). In difficult cases you may pass through a 
mixture of the medium and the solvent. Dr. Alexander some- 
times used paraldehyde containing some terpineol. 

These media work very kindly ^ and do not dry too rapidly. Dr. G. A. 
Alexander, like one of us, has experienced bad fading of hsematoxylin 
preparations mounted in euparal. Gatenby noted years ago that 
euparal turned Ehrlich’s haematoxylin slides a nasty colour, followed 
soon by fading. We cannot explain this phenomenon, but, as Dr. 
Alexander points out to us (m Uteris), it does not occur with eosin- 
methylene blue preparations, and most of the coal-tar dyes seem to last 
well in euparal. 

Dr. Hees Wright (Ann. Trop. Med. S Parasit, vol. xxii, 1927) also 
states that he has found euparal invaluable for mounting blood films 
of the Romanowsky type, which have not faded for over six years. 
This author also uses euparal as a mountant for nematodes and insect 
genitalia, the objects being transferred from 70 per cent, alcohol to 
phenol, and when cleared to euparal. 
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The primary intention of these media is to spare delicate objects the 
usual treatment with absolute alcohol and essential oils. But they 
have another useful property — ^their low index of refraction. We find 
that that of euparal is Just right for most delicate cytological researches, 
giving just the desired increase of visibility to unstained elements. 
Thus we frequently find that unstained spindles which are totally 
invisible in balsam become strongly visible in the most minute details 
in euparal. The camsal balsam, n = 1-478, Lee has sometimes found 
valuable, but its index is a little too low for most things, and he generally 
used euparal. We consider that all the media which have been recom- 
mended on the score of a slightly lower index than balsam, such as 
damar, colophonium, Venice turpentine, castor-oil, are now superseded 
by these media. 

460. Denham’s Sandarac Camphloral {Journ. Roy. Mic. Soc., 
1923). Two parts by weight of crystalline chloral hydrate are 
ground in a glass mortar with one part of ‘‘ flowers of camphor.” 
If any difficulty is found in getting the last few crystals to dis- 
solve the mixture is left in a warm place for a few hours. The 
liquid is then filtered. The sandarac solution is prepared 
separately. Selected crystals of the gum are dissolved in excess 
of isobutyl alcohol at 60° C. to make a solution thin enough to 
filter easily. It is then shaken up with animal charcoal, and 
filtered several times through proof, after which it is evaporated 
to a thick syrup, using a condenser to receive the alcohol. One 
part of gum is mixed with two of camphloral, and incorporated 
by warming and stirring. The product should have a refractive 
index of 1*485. Objects may be mounted from 70 per cent, 
alcohol. Euparal is commercially made in much the same way, 
the gum being dissolved in eucalyptol. 

461. Akmitage’s Sandarac-Camsal-dioxan. Twenty-five grm. of gum 

sandarac dissolved in excess dioxan and solution filtered several times 
through glass wool. Evaporate to thick syrup on an oil bath or a 
bath of Woods’ metal, the point being that in the water bath steam 
may ruin the mountant. Prepare a solution of camsal by rubbing 
together 3 grm. of sodium salicylate with 2 grm. of camphor, and 
liquefy by warming gently. Add 1 part of this camsal to every 20 
parts of the first solution. If too thin evaporate gently to correct 
consistency. Store in well-capped balsam bottle. Dioxan is a cumu- 
lative poison. » 

462. Hyrax (Dallas Hanna, Journ. Roy. Mic. Soc., vol. 1, 
1930). A derivative of naphthalene. Soluble in benzene, xylol, 
but not in alcohol. Claimed by the inventor not to decompose or 
crystallise after several years. Refractive index 1*82248. Used 
for mounting diatoms, 

F. J. Bhislee (Watson’s Microscope Record, No. 25, 1932), uses 
hyrax for diatoms, and finds it more suitable than balsam. 

463. Dioxan balsam (Gatenby, Biological Technique, 1937). 
Dioxan balsam appears to be reliable. Mount from dioxan or 
96% alcohol. 
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464. Clarite X. Clarite or Nevillite V, is a proprietary material 
made by a Pittsburg Firm. It is used 60 per cent, in toluol as a 
mounting medium, is neutral in reaction, clear, and hardens 
rapidly. It has become very popular, and according to E. V. 
Cowdry is as good as cedar-wood oil for blood films, etc. 

464 his. Neutral Mounting Media. Various Biological Houses 
sell proprietary media which will be found in their pamphlets. 

465. Isobutyl Methacrylate Polymer. Found unsatisfactorjr by 
Groat {Science^ 92, 1940). 

466. William Fleming’s Naphrax. (J. R. M, S., Ixiii, 1943). This 
interesting mountant is a synthetic resin made from formalin, naphtha- 
lene, glacial acetic and sulphuric acid. Fleming has given a clear account 
of the manufacture which can be carried out in the laboratory. If desired 
the material can be purchased from R. P. Cargille, 118, Liberty Street, 
N.Y, The method of manufacture is too long to give in exienso here. 
The mountant has a high refractive index, and it is dissolved in xylol, 
toluol or benzol, toluol being preferred. It does not harden as quickly 
as clarite. Its chief advantage is in mounting colourless objects 
like diatoms, and has been designed for what Dr. Fleming describes as 
that “ Dodo-like group, the diatomists.” 


CHAPTER XX 
CEMENTS AND VARNISHES 

467. Introduction. Two, or at most three, of the media given 
below will certainly be found sufficient for all useful purposes. 
For many years Lee had used only one cement (Bell’s). * He 
recommended this both as a cement and varnish ; gold size may 
be found useful for turning cells; and Miller’s caoutchouc 
cement may be kept for occasions on which the utmost solidity 
is required. Marine glue is only necessary for making glass cells. 

For the operations of mounting in fluids, and of making cells 
and ringing, see Carpenter’s The Microscope, 

Carpenter lays great stress on the principle that the cements or 
varnishes used for fluid mounts should always be such as contain 
m mixture of solid particles, for those that do always become porous 
after a certain lapse of time. All fluid mounts should have the edges of 
the cover carefully dried and be ringed with glycerine jelly before applying 
a cement ; by this means all danger of running in is done away with. 
See §§ 468, 471, 478. But no method yet devised will make a glycerine 
mount absolutely permanent. 

See also Aubert, The Microscope, xi, 1891, 150, and Journ, Boy. 
Mic. Soc., 1891, p. 692 ; Beck, The Microscope, xi, 1891, pp. 338, 368, 
and Journ. Boy. Mic. Soc., 1892, p. 293 ; Behrens’ Tabellen zum 
Gebrauch bei mikroskopischen Arbeiten (Bruhn, Braunschweig, 1892); 
Rousselet, Journ. Quek. Mic. Club, vii, 1898, p. 93 ; and as to the 
comparative tenacity of divers cements, Behrens, Zeit. wiss. Mik., ii, 
1885, p. 54, and Aubert, Amer. Mon. Mic. Journ., 1885, p. 227 ; Journ. 
Roy. Mic. Soc., 1886, p. 173, Aubert places Miller’s caoutchouc 
cement at the head of the list, Lovett’s cement coming half-way down, 
and zinc white cement at the bottom, with less than one-quarter the 
tenacity of the caoutchouc cement. 

468. Peter Gray’s Sealing Medium. For glycerine and other 
mounts: 4 parts anhydrous lanolin, 8 parts resin, 1 part dry 
Canada bhlsam. Melt together. This forms a solid mass on 
cooling. For circular cover-glasses a piece of metal tube of the 
necessary diameter is heated over a Bunsen, dipped into the 
molten mixture and applied to the cover-glass. For square 
covers, a broad bent needle is used. (Watson’s 'Microscope 
Record, No. 33, 1934). 

469 . Paraffin. Temporary mounts may be closed with paraflin, 
or white wax, by applying it with a bent wire, and be made more 
or less permanent by varnishing. 

470 . Gelatine Cement (Marsh’s Section-cutting, 2nd ed., p. 104). 
Take half an ounce of Nelson’s opaque gelatine, soak well in 

* Composition unknown. 
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water, melt in the usual way, stir in 3 drops of creosote. It is 
used warm. 

When the ring of gelatine has become quite set and dry, it may 
be painted over with a solution of bichromate of potash made 
by dissolving 10 gr. of the salt in an ounce of water. This should 
be done in daylight, in order to render the gelatine insoluble. 
The cover may then be finished with Bell’s cement. This process 
is particularly adapted for glycerine mounts. 

471. The Paper Cell Method. By means of two punches Lee 
cut out rings of paper of about a millimetre in breadth, and of 
about a millimetre smaller in diameter than the cover-glass. 
Moisten the paper ring with mounting fluid, and centre it on the 
slide. Fill the cell thus formed with mounting fluid ; arrange 
the object in it ; put the cover on ; fill the annular space between 
the paper and the margin of the cover with glycerine jelly (a turn- 
table may be useful for this) ; and as soon as the gelatine has set 
turn a ring of gold-size on it, and when this is quite dry, varnish 
with Bell’s cement. 

For greater safety, the gelatine may be treated with bichromate, 
according to Marsh’s plan, last §. 

472. Rousselet’s Method for Aqueous Mounts (§ 478). Close 
the mount with a ring of mixture of 2 parts of a solution of 
damar in benzol and 1 part gold-size. When dry, put on three 
or four thin coats of pure gold -size at intervals of twenty-four 
hours, and finish with a ring of Ward’s brown cement. 

473. Miller’s Caoutchouc Cement. Composition unknown. 
May be obtained from the opticians. A very tenacious and 
quickly drying cement. It may be diluted by a mixture of equal 
parts of chloroform and strong alcohol (see Rousselet, Journ, 
Quek, Club, v, ii, 1895, p. 8). 

474. Asphalt Varnish {Bitume de Jwd/e). one 

of the best of these media, either as a cement or a YamiBh, provided 
it he procured of good quality. It can be obtained from the opticians. 

475. Brunswick Black, See early editions, or to 

Work, etc., p. 49. 

476. Gold Size. Best obtained from the optician^ It is 
soluble in oil of turpentine. A good cement, when of good quality, 
and very useful for turning cells. 

477. Turpentine, Venice Turpentine (Csokor, mifc. .dnat, 

xxi, 1882, p. 353; Parker, Mow. M ii, 1881, 

pp. 229-30). Venice turpentine, or common resinous turpentine, 
evaporated by heat until brittle on cooling. It is used for closing 
glycerine mounts in the following manner : Square covers are used, 
and superfluous glycerine is cleaned away from the edges in the 
usual way. The cement is then put on with a piece of wire bent 
at right angles ; the short arm of the wire should be just the length 
of the side of the cover-glass. The wire is heated in a spirit lamp, 
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plunged into the cement, some of which adheres to it, and then 
brought down flat upon the slide at the margin of the cover. The 
turpentine distributes itself evenly along the side of the cover, 
and hardens immediately, so that the slide may be cleaned as 
soon as the four sides are finished. It is claimed for this cement 
that it is perfectly secure and never runs in. It sets hard in a 
few seconds. 

478. ApIthy’s Cement for Glycerine Mounts {ZeiL wiss. M%k.^ 
vi, 1889, p. 171). Equal parts of hard (60° C. melting-point) 
paraffin and Canada balsam. Heat together in a porcelain 
capsule until the mass takes on a golden tint and no longer emits 
vapours of turpentine. Used by warming and applying with a 
glass rod or brass spatula. One application is enough. Does 
not run in, and never cracks, 

479. Canada Balsam, or Damar. Cells are sometimes made with 
these. They are elegant, but in our experience are not reliable for 
permanent mounts. 

480. Tolu Balsam Cemenjt (Carnoy’s Biol. Cell., p. 129.) Tolu 
balsam, 2 parts, Canada balsam 1, saturated solution of shellac 
in chloroform, 2 parts. Add enough chloroform to bring the 
mixture to a syrupy consistence. Carnoy finds this cement 
superior to all others. 

481. Phenol Formaldehyde and Vinyl Resin. B. S. Barghoobn, 
Science, 106, 1947, recommends the phenolic resin, p-phenyl phenol 
formaldehyde containing tung oil and a metallic soap as oxidising 
agent. The vinyl acetate resin dissolves in 95 per cent, alcohol, butyl 
acetate, dioxan, etc, 

482. For the cements of Ward, Bell and Clarke and for 
Kronig’s Colophonium and Wax, Marine Glue, Amber and 
Copal, and Sealing Wax Varnish, see last edition. 


CHAPTER XXI 

INJECTION— GELATINE, COLLODION AND RUBBER 

483. Introduction. Injection masses are composed of a coloured 
substance called the colouring mass, and of a substance with which 
that is combined called the vehicle. 

For instructions as to the operation of injecting, and the necessary 
apparatus, see The Micrographic Dictionary, Rutherford’s and 
Schafer’s Practical Histology, the treatises of Robin and Ranvier, 
Beale’s Horn to Work with the Microscope, the Lehrhuch der vergleichenden 
Mikroscopischen Anatomie of Fol, and (for apparatus especially) the 
article in the Enzyk. d. mik. Technik. For injections for the study of 
the angiology of Vertebrates the practice of Robin and Ranvier may 
safely be followed. For injections of Invertebrates (and indeed, for 
Vertebrates if it is desired to demonstrate the minute structure of 
environing tissues at the same time a^ the distribution of vessels) masses 
not containing gelatin are generally preferable to gelatine masses ; and 
we would recommend as particularly convenient the Prussian blue 
glycerine masses of Beale. Glycerine masses have the great advantage 
that they are used cold. 

In § 1057 is a section on injection of embryos. 

484. Vaso-dilators. In order that an injection may run freely 
it is necessary that the vessels of the subject be in a relaxed state. 
To this end the older anatomists used to wait until rigor mortis 
had passed off before injecting. But it is evidently preferable in 
the interest of the proper preservation of the tissues to inject 
before rigor mortis has set in. Unfortunately, when this is done, 
it is found that most injection masses — ^glycerine masses especially 
— stimulate the contraction of the vessels, so that frequently it is 
very difficult to get in the injection. In these cases it may be 
advisable to use a vaso-dilator. The animal may be ansesthetised 
with a mixture of ether and nitrite of amyl, and finally killed with 
pure nitrite. Or, after killing before the injection mass is thrown 
in. In any case it is advisable to add a little nitrite to the mass 
just before using. The relaxing power is very great (see Oviatt 
and Sargent, in St. Louis Med. Journ., 1886, p. 20T ; and Journ. 
Roy. Mic. Soc., 1887, p. 341). 

Bayliss (in personal communication) suggests for prevention 
of coagulation, to wash out in citrate of soda (4 per cent.) instead 
of 0'75 NaCl, or to add | per cent, oxalate of calcium to 0-75 per 
cent. NaCl. To relax arterial walls, add sodium nitrite 1 in 500 
to the washing out fluid. 

Or, morphia ma>y he added to the injection mass, or 1 per cent. 
of lactic acid. Mozejkq (Zeit. wiss. Mik., .xvi, 19Q9, p. 545) 
prefers a saturated solution of neutral siccimi, which 
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has the advantage of hindering coagulation. For warm-blooded 
animals the mass should be warmed to body-temperature ; and 
in all cases masses that tend to dehydrate tissues should be avoided 
if possible. 

ROBIN’S MASSES 

485. Robin’s Gelatine Vehicle {TraitS, p. 30). One part of 
gelatine soaked and melted in 7, 8, 9, or even 10 parts of water^ 
on a water-bath. 

This vehicle, like all gelatine masses, is liable to be attacked by 
mould if kept long ; camphor and carbolic acid do not suffice to 
preserve it. Chloral hydrate 2 per cent, is said to do so. 

486. Robin’s Glycerine-Gelatine Vehicle {TmitS, p.“ 32). Dissolve 
in a water-bath 50 grm. of gelatine in 300 grm. of water, in which 
has been dissolved some arsenious acid ; add of glycerine 150 
grm., and of carbolic acid a few drops. Unlike the pure gelatine 
vehicles, this mass does keep indefinitely. 

Fbankl {Zeit, /. wiss, Zool,, Ixiii, 1897, p. 28) prepares a similar 
vehicle, and adds to it a little solution of corrosive sublimate and a 
crystal of thymol. 

487. Robin’s Carmine Colouring Mass {Traite, p. 33). Rub up 
3 grm. of carmine with a little water and enough ammonia to 
dissolve it. Add 50 grm. of glycerine and filter. 

Take 50 c.c. of glycerine with 5 c.c. of acetic acid, and add it 
by degrees to the carmine-glycerine, until a slightly acid reaction 
is obtained (as tested by very sensitive blue test-paper, moistened 
and held over the mixture). 

One part of this mixture is to be added to 3 or 4 parts of the 
vehicles given above. 

488. Robin’s Ferrocyanide of Copper Colouring Mass {ihid,^ p. 34). 
Take — 

(1) Ferrocyanide of potassium (concentrated) 

solution) . . . . . .20 c.c. 

Glycerine . . . . . . 50 „ 

(2) Sulphate of copper (concentrated solu- 

tion) ...... 35 „ 

Glycerine ... . . . 50 „ 

Mix (1) and (2) slowly, with agitation ; at the moment of injecting 
combine with 3 volumes of vehicle. 

489. Robin’s Prussian Blue Colouring Mass (^5^d., p. 35, and 
2nd ed., p. 1013). 

Take — 

(a) Ferrocyanide of potassium (sol. sat.) . 90 c.c. 

Glycerine . . . . . . 50 ,, 

(b) Solution of ferric chloride at 30° Baume. 3 ,, 

Glycerine . . . . . . 50 ,, 

Mix slowly and combine the mixture with 3 parts of vehicle. It 
is well to add a few drops of HCl. 
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CARMINE-GELATINE MASSES 

490. Ranvier’s . Carmine-Gelatine Mass (Traite technique, p. 
116), Take 5 grm. Paris gelatine, soak until quite swollen and 
soft, wash, drain and melt it in the water it has absorbed over a 
water-bath. When melted add slowly, and with continual agita- 
tion, 2-| grm. of carmine rubbed up with a little water, and just 
enough ammonia, added drop by drop, to dissolve the carmine 
into a transparent solution. 

The mixture is now neutralised by adding cautiously, drop 
by drop, with continual agitation, a solution of 1 part of glacial 
acetic acid in 2 parts of water. (When the mass is near neutrality, 
dilute the acetic acid still further.) The instant of saturation is 
determined by the smell of the solution, which gradually changes 
from ammoniacal to sour. As soon as the sour smell is perceived 
the liquid must be examined under the microscope. If it contains 
a granular precipitate of carmine, too much acid has been added, 
and it must be thrown away. 

The mass, having been perfectly neutralised, is strained through 
new flannel. 

491. How to Neutralise a Carmine Mass (Ville, Gaz, hebd. d. 
Sci. mM, de Montpellier, Fdv., 1882 ). Ville points out that 
when carmine is treated with ammonia a certain proportion of 
the ammonia combines with the carmine and the rest remains 
in excess. It is this excess that it is required to neutralise pre- 
cisely, not the whole of the ammonia employed. 

To neutralise the acidity of commercial gelatine, it should be 
washed for an hour or so in running water. 

As to the neutralisation of the colouring mass Ville is of 
opinion that the sour smell cannot be safely relied on in practice, 
and prefers to employ dichroic litmus paper (litmus paper sen- 
sitised so as to be capable of being used equally for the demon- 
stration of acids and bases). For directions for preparing this 
see loc. ciL ox previous editions. 

492. Hover’s Carmine-Gelatine Mass {Biol. Ceniralb., 

p. 21). Take a concentrated gelatine solution and add to it the 
needful quantity of neutral carmine staining solution (loc. cit, 
p, 17). Digest in a water-bath until the dark violet-red colour 
begins to pass into a bright red tint. Then add 5 to 10 per cent, 
by volume of glycerine, and at least 2 per cent, by weight of 
chloral, in a concentrated solution, and strain, 

493. Fol’s Carmine-Gelatine Mass {Lehrh., p. 13), This can be 
in dr?/ stoie for an indefinite length of time. 

Gelatine in sheets is cut into strips which are macerated for 
two days in carmine solution (prepared by diluting one volume 
of strong ammonia with three of water and adding carmine to 
saturation, and filtering after a day or two). The strips are then 
rinsed and put for a few hours into water acidulated with acetic 
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acid, then washed on a sieve several hours in running water, 
dried on parchment paper, or on a net, and preserved for future 
use. To get the mass ready for use, the strips are soaked for an 
hour in water and melted on a water-bath in 10 to 20 parts of 
water. 

For another process, which is said to give somewhat better results, 
but is more complicated, see loc. cit,, or ZeiL wiss, ZooL, jcxxviii, p. 492, 
OT previous editions, 

I 494. Krause’s Car mine- Gelatine Mass {Zeit, wiss. Mik,, xxvi, 1909, 

I P* !)• 1^0 grm. gelatine soaked in water, put for two to three days into 

a solution of 15 grm. carmine in 2 litres of water with 100 grm. of borax, 
washed, treated for a short time with hydrochloric acid of 2 per cent., 
washed, melted and preserved with camphor. 

495. Other Car mine- Gelatine Masses. Thiersch’s, see Arch. mik. 
AnaLy 1865, p. 148. Gerlach’s, see Ranvieb, Traiti, p, 118, Carter’s, 

; see Beale, p. 113. Davies, see his Prep, and Mounting of Mic, Objects, 

p.138. 

BLUE GELATINE MASSES 

' 

I I 496. Ranvier’s Prussian Blue Gelatine Mass (Traitd, p. 119). 

Make a concentrated solution of ferric sulphate in distilled 
water, and pour it gradually into a concentrated solution of 
yellow prussiate of potash. There is produced a precipitate of 
insoluble Prussian blue. Wash this on a felt strainer, under- 
neath which is arranged a paper filter in a glass funnel, for some 
days, until the liquid begins to run off from the second filter. 
The Prussian blue has now become soluble. The strainer is 
turned inside out and agitated in distilled water ; the Prussian 
blue will dissolve if the quantity of water be sufficient. 

The solution may now be injected just as it is, or it may be 
kept in bottles till wanted, or evaporated in a stove, and the 
solid residuum put away in bottle. 

For injections, if a simple aqueous solution be taken, it should 
be saturated. Such a mass never transudes through the walls of 
vessels. Or it may be combined with one-fourth of glycerine, or 
with one twenty-fifth of gelatine soaked for an hour in water and 
melted over a water-bath in the water it has absorbed. The 
gelatine is to be poured gradually into the Prussian blue, on the 
water-bath, stirring continually until the curdy precipitate that 
forms at first has disappeared. Filter through new flannel and 
keep at 40° C. until injected. . 

497. Brucke’s Soluble Berlin Blue {Arch. mik. Anat., 1865, p. 87). 
Make a solution of ferrocyanide of potassium containing 217 grm. of 
the salt to 1 litre of water, and one of 1 part commercial chloride of iron 
in 10 parts water. Take equal volumes of each, and add to each of 
them twice its volume of a cold saturated solution of sulphate of soda. 
Pour the chloride solution into the ferrocyanide solution, stiiring con- 
tinually. Wash the precipitate on a filter until soluble, dry it, press 
between blotting-paper in a press, break the mass in pieces, and dry in 
the'air. 
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The concentrated solution of the colouring* matter is to be gelatinised 
with just so much gelatine that the mass forms a jelly when cold. For 
another method, see previous editions. 

OTHER COLOURS 

498. Hoyer’s Silver Nitrate Yellow GelatineMass {Biol. Centralh., 
ii, 1882, pp. 19, 22). A concentrated solution of gelatine is mixed 
with an equal volume of a 4 per cent, solution of nitrate of silver 
and warmed. To this is added a very small quantity of an aqueous 
solution of pyrogallic acid, whidi reduces the silver in a few 
seconds ; chloral and glycerine are added as directed § 524. 

This mass is yellow in the capillaries and brown in the larger 
vessels. 

499. Other Colours. Hoyer’s Green {Biol. Ceniralb., ii, 1882, p. 19). 
Made by mixing a blue mass and a yellow^ mass. Thiersch’s Green 
{Arch. mik. Anat., 1865, p. 149). Robin’s Scheele’s Green (Robin, 
Truite, p. 37). Harting’s White (see Frey, Le Microscope, p. 190). 
Frey’s White {ibid.). Teichmann’s White {ibid., p. 191). Fob’s 
Brown {Zeit. wiss. ZooL, xxxviii, 1883, p. 494). Miller’s Purple (see 
Amer. Mon. Mic. Journ., 1888, p. 50 ; Journ. Roy. Mic. Soc., 1888, 
p. 518). Fob’s Lead Chromate {Lehrb., p. 15). Robin’s Cadmium (his 
Traite, p. 36). Thiersch’s Lead Chromate {Arch. mik. Anat., 1865, 
p. 149). Hoyer’s Lead Chromate {ibid., 1867, p. 136) ; or, for any of 
these, see early editions. 

500. Ranvier’s Gelatine Mass for Impregnation {Traite, p. 123). 
Concentrated solution of gelatine, 2, 3, or 4 parts ; 1 per cent, nitrate of 
silver solution, 1 part. 

Neuville {Ann. Sci. Nat., xiii, 1901, p. 36) takes a solution of 
10 grm. of soaked gelatine in 100 c.c. of 1 per cent, solution of nitrate of 
silver. 

501. Friendethal’s Hardening Mass {Ceniralb. Phys., xii, 1899, 
p. 267). A 10 per cent, solution of gelatine, combined with a colouring 
mass, and with 1 volume of 4 per cent, formol, serves for injecting 
vessels and hardening the tissues at the same time. 

502. Fob’s Metagelatin Vehicle {Lehrb., p. 17). If a slight 
proportion of ammonia be added to a solution of gelatine, and 
the solution be heated for several hours, the solution passes into 
the state of metagelatin, that is, a state in which it no longer 
coagulates on cooling and can be injected without warming. 
Colouring masses may be added to this vehicle, which may also 
be thinned by the addition of weak alcohol. After injection the 
,preparations are thrown into strong alcohol or chromic acid, which 
sets the mass. 

According to the Enzyk. mik. Technik., metagelatin is usually 
prepared by warming with concentrated acetic or oxalic acid. 
It may be neutralised afterwards with carbonate of lime. 

Tantler’s Gold Gelatine Mass (Zeif. wiss. Jfik, xviii, 1901, 
p. 22). Five grm. of gelatine are soaked in 100 c.c. of water, 
warm and melted, and combined with Berlin Blue. Then 
5 to 6 grm. of iodide of potassium are slowly incox'porated. The 
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mass generally remains liquid enough for injection down to a 
temperature of 17° C., but if it should coagulate a little more 
iodide should be added. After injection you may fix with 5 per 
cent. formoL The specimens will bear decalciflcation with 
hydrochloric or sulphurous acid. 

Pearl (Jour n. AppL Micr,, v, 1902, p. 1736) takes 8 to 10 per 
cent, of the iodide. 

Mayer (Grundzuge, Lee and Mayer, 1910, p. 250) takes 
simply 10 grm. gelatine, 10 grm. hydrate of chloral and 100 c.c. 
water. 

Mozejko (Zeit, wiss. Mik,, xxvii, 1910, p. 374) finds that 10 
per cent, (or more) of sodium salicylate will retard the setting 
of gelatine for hours at normal temperatures. 

Any of these masses may be made to set in the tissues by 
means of weak formol. 


GLYCERINE MASSES 


503. Beale’s Carmine Glycerine Mass (How to Work, etc., 
p. 95). Five grains of carmine are dissolved in a little water 
with about 5 drops of ammonia, and added to half an ounce of 
glycerine. Then add half an ounce of glycerine with 8 or 10 drops 
of acetic or hydrochloric .acid, gradually, with agitation. Test 
with blue litmus paper, and if necessary add more acid till the 
reaction is decidedly acid. Then add half an ounce of glycerine, 
two drachms of alcohol, and six drachms of waters We have 
found this useful, but not so good, as the two following. 

504. Beale’s Prussian Blue (How to Work, etc., p. 93). 


Common glycerine . . . .1 ounce. 

Spirits of wine . . . . . 1 „ 

Ferrocyanide of potassium . . . 12 grains. 

Tincture of perchloride of iron . . 1 drachm. 

Water . . . ... . 4 ounces. 


Dissolve the ferrocyanide in one ounce of the water and glycerine, 
and add the tincture of iron to another ounce. These solutions 
should be mixed together very gradually, and well shaken in a 
bottle, the iron being added to the solution of the ferrocyanide of 
potasnum. Next the spirit and the rest of water are to be added 
very gradually, the mixture being constantly shaken. 

Injected specimens should be preserved in acidulated glycerine 
(^.g. with 1 per cent, acetic acid), otherwise the colour may fade. 

505. Beale’s Acid Prussian Blue (ibid, , p . 296) , 


Price’ glycerine 
Tinct. of sesquichloride of iron 
Ferrocyanide of potassium 
Strong hydrochloric acid . 
Water . . . . . 


2 fluid ounces. 
10 drops. 

3 grains. 

3 drops. 

1 ounce. 


VADE-MECUM. 
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Proceed as before, dissolving the ferrocyanide in one half of 
the glycerine, the iron in the other, and adding the latter drop 
by drop to the former. Finally add the water and HCL Two 
drachms of alcohol may be added to the whole if desired. 

We find this excellent. 

506. Ranvier’s Prussian Blue Glycerine Mass (Tmite, p. 120). The 
Prussian blue fluid, § 504, mixed with one fourth of glycerine. 

507. Thoma’s Indigo-Carmine (Arch, Anat. Phys,, Anat. Abth,, 
1899, p. 270). Dissolve 0T5 grm. sulphindigotate of soda in 
50 c.c. water, filter, add 40 c.c. glycerine and gradually, with 
agitation, 10 c.c. of a filtered 10 per cent, solution of sodium 
chloride in water. If desired, 3 c.c. of a 1 per cent, solution of 
morphia may be added to dilate arteries. A fine precipitate is 
formed, which is injected with the mass. 

508. Gamboge Glycerine (Harting, Das, Mikroskop, 1866, 2, 
Theil, p. 124). Gamboge rubbed up with water and added to 
glycerine ; or a saturated alcoholic solution of gamboge added 
to a mixture of equal parts of glycerine and water. Any excess 
of alcohol may be got rid of by allowing the mass to stand for 
twenty-four hours. 

509. Other Colours. Any of the colouring masses, §§ 496 to 502, or 
other suitable colouring masses, combined with glycerine, either dilute 
or pure. 

PURELY AQUEOUS MASSES. (See also § 1057) 

510. Ranvier’s Prussian Blue Aqueous Mass (TraiU, p. 120). 
The soluble Prussian blue, injected without any vehicle. It does 
not extravasate. 

511. Muller’s Berlin Blue (Arch, mik, Anat, 1865, p. 150). 
Precipitate a concentrated solution of Berlin blue by means of 
I to 1 volume of 90 per cent, alcohol. The precipitate is very 
finely divided ; and the fluid may be injected at once. 

512. Mayer’s Berlin Blue (Mitth, Zool, Stat. Neapel, 1888, 
p. 307). A solution of 10 c.c. of tincture of perchloride of iron 
in 500 C.C- of water is added to a solution of 20 grm, of yellow 
prussiate of potash in 50 c.c. of water, allowed to stand for 
twelve hours, decanted, the deposit washed with distilled water 
on a filter until the washings come through dark blue (one to 
two days), and the blue dissolved in about a litre of water. It 
is well to add a little acetic acid and to put up the objects in an 
acid liquid. 

513. Emery’s Aqueous Carmine (ibid,, 1881, p. 21). To a 10 per cent, 
ammoniacal solution of carmine is added acetic acid, with continual 
stirring, until the colour of the solution changes to blood-red. The 
supernatant clear solution is injected cold without further preparation. 
The injected organs are thrown at once into strong alcohol to fix the 
carmine. For injection of fishes. 
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514. Taguchi’s Indian Ink {Arch. mik. Anat, 1888, p. 565). 
Chinese or (better) Japanese inks well rubbed up on a hone until 
a fluid is obtained that does not run when dropped on thin blotting- 
paper, nor form a grey ring round the drop. Inject until the 
preparation appears quite black, and throw it into some hardening 
liquid (not pure water). 

Della Rosa {Ver. Anat. Ges., 1900, p. 141) recommends the 
liquid Chinese ink sold in the shops. 

PARTIALLY AQUEOUS MASSES 

515. Joseph’s White-of-Egg {Ber. naturw. Sect Schles. Ges., 
1879, pp. 36-40; Journ. Boy. Mic. Soc.^ ii, 1882, p. 274). 
“ Filtered white-of-egg, diluted with 1 to 5 per cent, of carmine 
solution. . . . This mass remains liquid when cold, coagulates in 
dilute nitric acid, chromic or osmic acid, and remains transparent 
in the vessels.” For invertebrates. 

Geosseii {Zeit wiss. Mik., xvii, 1900, p. 178) rubs up Indian 
ink with white-of-egg ; Hoffmann {Zeit. Morph. Anthrop.^ iii, 
1901, p. 240) with blood-serum ; so also Hambueger, Zeit. wiss. 
Mik., XXV, 1908, p. 1 (2 vols. of the ink — “ Perltusche ” — to 3 of 
serum). 

516. Bjeloussow’s Gum Arabic Mass {Arch. Anat. Phys., 
1885, p. 379). Make a syrupy solution of gum arabic and a 
saturated solution of borax in water. Mix the solutions in such 
proportions as to have in the mixture 1 part of borax to 2 of 
gum arabic. Rub up the transparent, almost insoluble mass 
with distilled water, added little by little, then force it through 
a fine-grained cloth. Repeat these operations until there is 
obtained a mass that is free from clots. It should then coagulate 
in the presence of alcohol, undergoing at the same time a dilatation 
to twice its original volume. The vehicle thus prepared may 
be combined with any colouring mass except cadmium and 
cobalt. 

After injection the preparation is thrown into alcohol, and the 
mass sets immediately, swelling up as above described and con- 
sequently showing vessels largely distended. 

Cold-blooded animals may be injected whilst alive with this 
mass. It does not flow out of cut vessels. Injections keep well 
in alcohol. If it be desired to remove the mass from any part 
of a preparation, this is easily done with dilute acetic acid. 

517. Milk has been recently recommended by Fischer (Centralb. 

allg. xiii, 1902, p. 277 ; Zeit. wiss. Mik., xx, 1903, p. 224). It 

runs well, does not extravasate, and can be used for auto -injection of 
the living subject. 

After injection it should be coagulated by putting the organs for at 
least twenty-four hours into a mixture of 75 parts of formol, 15 of 
acetic acid, and 1000 of water (pure formol will not do). They are 

''.8— a- ■ 
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then sectioned, and the sections stained with Sudan III or Scharlach R, 
which stain the milk. They cannot be mounted in balsam. 

CELLOIDIN AND OTHER MASSES 

518. CeEoidin and X-Ray Film Masses. The point about 
these injection masses is that they are not attacked by HCl which 
may be used to dissolve away the organic material surrounding 
and supplied by the blood-vessels. The method is particularly 
favourable for showing the blood vascular trees of human placentae, 
etc. For delicate injection use : Acetone 100 c.c., celloidin 
2 grm., camphor, 2 grm. For rougher work : Acetone 100 c.c., 
X-ray film 6-8 grm., camphor 8 grm. The X-ray film must be 
soaked in hot water and the emulsion scraped off, the films when 
clear pinned up to dry, later cut into strips. Corrugate strips and 
they will dissolve more quickly in the acetone. Shake at intervals 
of one hour until dissolved, then add camphor. Colouring agents : 



for red use alkannin ; for blue, Victoria blue, both colours are 
soluble in acetone, add correct amount to mass. We have found 
these colours fairly satisfactory, Cowdry {op. ciL) simply says to 
use ‘‘oil paints.’’ Inject first 8*8 per cent, sodium citrate at 
40° C. under pressure of 400 m.m, Hg. with the apparatus in the 
figure, A == 5 gallon oil drum with motor or bicycle valve on left, 
output cock above, manometer B, three-way Woulffe bottle C, 
and at D, injection mass bottle. The manometer is very useful 
and should not be left out. The point of injection needles should 
be rubbed smooth and a small bead of solder put on its end, then 
smoothed ; this stops the needle from blowing out when pressure is 
turned on. Artery probes of wire help to enlarge vessels before 
insertion of injection needle. A tap somewhere on the leads from 
the Woulffe bottle, enables pressure in this part of the system to 
be released, when the citric acid-bottle is removed and the injec- 
tion solution bottle substituted. After injection, place material 
in water overnight to harden celloidin. Next day put in 
concentrated HCl to macerate off tissue, which will take at least 
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twenty-four hours. Wash carefully in running water. Store 
specimen in 1-3 per cent, formol. 

Dr, Magnus Hynes has supplied the following references : 

“ Laboratory Journal,” vol, 7, 1934. W. Marquis (J. Tech.^ 12, 
1929). ^Ir. D. Glen has used this method in the Dublin Laboratory 
for placenta studies by Dr. N. Falkiner. 

Schiefferdecker’s Celloidin Masses (Arch, Anat. Phys,, 1882 
[Anat. Abth.], p. 201). (For Corrosion preparations.) See previous 
editions ; Hochstetter’s Modification of Schiefferdecker’s Mass 
(Anat. Anz.y 1886, p. 51) ; Budge’s Asphaltum Mass (Arch. mik. Anat., 
xiv, 1877, p. 70), or early editions ; Hoyer’s Shellac Mass (Arch. mik. 
Anat., 1876, p. 645). For this and that of Bellarminow (Anat. Anz., 
1888, p. 605), see early editions ; Hoyer’s Oil-colour Masses (Internat. 
Monatsschr. Anat., 1887, p. 341 ; Severeanu’s, Verb. Anat. Ges., 21 
vers, 1906, p. 275) ; Pansch’s Starch Mass (Arch. Anat. Entw., 1877, 
p. 480 ; 1880, pp. 232, 371 ; 1881, p. 76 ; 1882, p. 60 ; 1883, p. 265 ; and 
a modification of the same by Gage, Amer. Mon. Mic. Journ., 1888 
p. 195) ; Teichmann’s Linseed-Oil Masses (S. B. Math. Kl. Krakau 
Akad., vii, pp. 108, 158 ; Journ. Boy. Mic. Soc., 1882, pp. 125 and 716, 
and 1895, p. 704) ; Flint’s Celluloid (Amer. Journ. Anat., i, 1902, 
p. 270) ; Huber’s (ibid., vi, 1907, p. 393) ; Krassuskaja’s Photoxylin 
Heft. 2, xiii, 1904, p. 521). 

519. Natural Injections (Robin, TraiU, p." 6). To preserve 
these throw the organs into a liquid composed of 10 parts of 
“ tincture of perchloride of iron ” and 100 parts of water. 

Retterer and Zenker use solution of Muller, set Journ. Anat. 
Phys., 1894, p. 336, and Arch. Path. Anat., 1894, p. 147. 

520. Starch Masses. See “ Guides for Vertebrate Dissection,” 
Kingsley, New York, 1907. 

521. Latex Injection Masses. The use of preserved latex for 
vertebrate injection and the making of cleared and corrosion 
preparations is described -by W. C. Osmon Hill in the Ceylon 
Journal of Science, D (Medical Science), 4, 147, 1937. One of the 
difficulties mentioned is the diffusion of added dyes out into the 
tissues. Fast coloured latex can now be obtained commercially. 
This material is quite satisfactory for the injection of fresh post- 
mortem organs ; it will pass into fine channels and can be used 
successfully for invertebrate injection. 

Hill mentions that there is a tendency for the latex to coagulate in 
the syringe or cannula. There are difficulties in finding a suitable 
colouring matter ; Hill uses vermillionette and salts of barium. Cor- 
rosion preparations can be made. The latex after injection is coagu- 
lated in weak acetic or formaldehyde (containing formic acid). A 
very important point is that after dissecting around the vessels, these 
retain their correct shape owing to the elasticity of the rubber. The 
coagulated latex is liable to shrink, and must be kept in water or weak 
acidulated spirit. The commercial latex is sent in ammonia, and 
coagulates when acidified. Osman HiU acknowledges help given by 
D, R. Burt (Nature, cxxi, 1928). Latex injected specimens are now 
much used by the commercial hduses. 
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MACERATION, DIGESTION AND CORROSION 

522. Methods of Dissociation. It is sometimes necessary, in 
order to obtain a complete knowledge of the forms of the elements 
of a tissue, that the elements be artificially separated from their 
place in the tissue and separately studied after they have been 
isolated both from neighbouring elements and from any interstitial 
cement substances that may be present in the tissue. Simple 
teasing with needles is often insuiSicient, as the cement-substances 
are frequently tougher than the elements themselves, so that the 
latter are torn and destroyed in the process. In this case recourse 
must be had to maceration, by which is meant prolonged soaking 
(generally for days rather than hours) in media which have the 
property of dissolving, or at least softening, the cement sub- 
stances or the elements of the tissue that it is not wished to study, 
whilst preserving the forms of those it is desired to isolate. When 
this softening has been effected, the isolation is completed by 
teasing, or by agitation with liquid in a test-tube, or by the 
method of tapping, which last gives in many cases (many epithelia, 
for instance) results which could not be attained in any other 
way. The macerated tissue is placed on a slide and covered with 
a thin glass cover supported at the corners on four little feet made 
of pellets of soft wax. By tapping the cover with a needle it is 
now gradually pressed down, whilst at the same time the cells 
of the tissue are segregated by the repeated shocks. When the 
segregation has proceeded far enough, mounting medium may be 
added and the mount closed. 

A good material for making wax feet is obtained (Vosselee, 
Zeii. wiss. Mik., vii, 1891, p. 461) by melting white wax and 
stirring into it one-half to two-thirds of Venice turpentine. 

The most desirable macerating media are those which, whilst 
dissolving intercellular substances, do not attack the cells them- 
selves. Those which contain colloids have been found to give 
the best results in this respect. Iodised serum is an example. 

523, Iodised Serum. The manner of employing it for naaceration 
is as follows : A piece of tissue smaller than a pea must be taken, 
and placed in 4 or 5 c.c. of weakly iodised serum in a well-closed 
vessel. After one day’s soaking the maceration is generally 
sufficient, and the preparation may be completed by teasing or 
pressing out, as indicated last §; if not, the soaking must be 
continued, fresh iodine being added as often as the serum becomes 
pale by the absorption of the iodine by the tissues. By taking 
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this precaution the maceration may be prolonged for several 
weeks. 

This method is intended to be applied to the preparation of 
fresh tissues, the iodine playing the part of a fixing agent with 
regard to protoplasm, which it slightly hardens. 

Ranvier used amniotic fluid of mammals, tinged pale brown with 
flakes of iodine. The artificial iodised serum of Frey is aq. dest. 270 c.c., 
white of egg 30 c.c., sodium chloride 2*5 grm. Mix, filter, add tincture 
of iodine till pale brown (see last eds.). 

524. Potassium Iodide (Arnold, Arch, mik, Anat, lii, 1898, pp. 135 
and 763). Ten c.c. of 10 per cent, aqueous sol. of potassium iodide with 5 
to 10 drops of a similar solution, containing also 5 per cent, of iodine. 

525. Alcohol. Ranvier employs one-third alcohol (1 part of 
90 per cent, alcohol to | parts of water). Epithelia will macerate 
well in this in twenty-four hours. It macerates more rapidly 
than iodised serum. 

Other strengths of alcohol may be used, either stronger (equal 
parts of alcohol and water) or weaker alcohol, for isolation of 
the nerve-fibres of the retina, for instance — ^Thin). 

526. Salt Solution. Ten per cent, solution of sodium chloride 
is a valuable macerating medium. Weaker strengths, down to 
0*6 per cent., are also used. 

527. Moleschott and Piso Borme’s Sodium Chloride and 
Alcohol (Moleschott’s Untersuchungen zur Naturlehre^ xi, 
pp. 99-107 ; Ranvier, Traiti, p. 242). Ten per cent, solution 
of sodium chloride, 5 volumes ; absolute alcohol, 1 volume. 

For vibratile epithelium Ranvier finds the mixture inferior 
to one-third alcohol. 

528. Sodium Chloride and Formaldehyde. Gage recommends 
the addition of 2 parts of formalin to 1000 parts of normal saline 
solution (quoted from Fish, Proc. Amer. Mic. Soc., xvii, 1895, 
p. 328). 

529. Caustic Potash, Caustic Soda. These solutions should be 

employed strong, 35 to 50 per cent. (Moleschott) ; so employed 
they do not greatly alter the forms of cells, whilst weak solu- 
tions destroy all the elements. (Weak solutions may, however, 
be employed for dissociating the cells of epidermis, hairs, and 
nails.) The strong solutions may be employed by simply treat- 
ing the tissues with them on the slide. To make permanent 
preparations, the alkali should be neutralised by adding acetic 
acid, which forms with caustic potash, potassium acetate, which 
constitutes a mounting medium (see Behrens, Kossel, and 
ScHiEFEERnECKER, Pas i, 1889, p. 156). See also 

Qaqis., Proc, Amer. Soc. of Microscopists, lSS^,i^. Z5. 

530. Ammonium and Potassium Sulphocyanides (Stirling, Jouvn. 
Anat, and Phys.y^vii, 1883, p. 208). Ten per cent, solution of either of 
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tliese salts, for epithelium. Macerate small pieces for twenty -four to 
forty -eight hours. 

Soulier (Trmcmx de VInst. Zool, de Montpellier, Nouv. Ser., 2, 1891, 
p. 171) has found that Stirling’s solution greatly deteriorates cellular 
elements, but that good results are obtained by combining it with a 
fixing agent. The best results were obtained with a 2 per cent, solution 
of siilphocyanide combined with liquid of Ripart and Petit ; good 
ones, by combining liquid of Ripart and Petit with artificial serum of 
Kronecker instead of sulphocyanide, or with pepsin, eau de Javelle, 
10 per cent, sulphate of soda, or 1-5 per cent, solution of caustic soda ; 
also by combining solutions of chloride of sodium, or solutions of 
caustic potash or soda, with any of the usual fixing agents. 

531. Landois’s Solution {Arch. mik. Anat., 1885, p. 445). 

Saturated sol. of neutral ammonium chro- 
mate . . . . . . 5 parts. 

Saturated sol. of potassium phosphate . 5 ,, 

Saturated sol. of sodium sulphate .• . -5 ,, 

Distilled water . . . . . 100 ,, 

Small pieces of tissue are macerated for one to three, or even 
four to five days, in the liquid, then brought for twenty-four 
hours into ammonia carmine diluted with 1 volume of the macera- 
ting liquid. 

Gierke particularly recommends this liquid for all sorts of 
macerations, but especially for the central nervous system, for 
which he finds it superior to all other agents. It is also recom- 
mended for the same purpose by Nansen (v. Zeit. rmss. Mik., 
V, 1888, p. 242). 

532. Potassium Bichromate. 0-2 per cent. 

Eisig {Fauna u. Flora Golf. Neapel, 16 Monog., 1887, p. 297) 
macerates Capitellidae in 0*5 to 1 per cent, solution for months 
or years, a little thymol being added against mould. 

Muller’s Solution, diluted to same strength, or combined with 
saliva, has also been used. 

Brock (for nervous system of Mollusca, Intern. Monatssck. 
Abat., i, 1884, p. 849) takes equal parts of 10 per cent, solution 
of bichromate of potash and visceral fluid of the animal. 

533. Potassium Permanganate is recommended, either alone or 
combined with alum, as the best dissociating agent for the fibres 
of the cornea (Rollett, Strieker's Handbuch, p. 1108). We have 
found it, for some objects, very energetic. 

534. Chromic Acid, Generally employed of a strength of 
about 0-02 per cent. Specially useful for nerve tissues and 
smooth muscle. Twenty-four hours’ maceration will suffice for 
nerve tissue. About 10 c.c. of the solution should be taken for 
a cube of 5 millimetres of the tissue (Ranvier). 

535. Osmic and Acetic Acid (the Hertwigs, Das Nerven- 
system u. die Sinnesorgane der Medusen, Leipzig, 1878, and Jen. 
Zeitschr., xiii, 1879, p. 457). 
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0-05 per ceDt. osmic acid . . . 1 part. 

0*2 ,, acetic acid . . . 1 ,, 

Medusce are to be treated with this mixture for two or three 
minutes, according to size, and then wash in repeated changes 
of 0-1 per cent, acetic acid until all traces of free osmic acid are 
removed; they then remain for a day in 0*1 per cent, acetic 
acid, are washed in water, stained in Beale’s carmine, and 
preserved in glycerine. 

For Actinim the osmic acid is taken weaker, 0-04 per cent. ; 
both the solutions are made with sea water ; and the washing out 
is done with 0*2 per cent, acetic acid. If the maceration is com- 
plete, stain with picro-carmine ; if not, with Beale’s carmine. 

536. Mobius’s Media {Morph. Jahrb., xii, 1887, p. 174). 

1. One part of sea water with 4 to 6 parts of 0*4 per cent, solution of 
bichromate of potash. 

2. 0-25 per cent, chromic acid, 0*1 per cent, osmic acid, 0*1 per cent, 
acetic acid, dissolved in sea water. For Lamellibranchiata. Macerate 
for several days. 

537. Nitric Acid. Most useful for the maceration of muscle. 
The strength used is 20 per cent. After twenty-four hours’ 
maceration in this, isolated muscle-fibres may generally be 
obtained by shaking the tissue with water in a test-tube. Pre- 
parations may afterwards be washed with water and put up in 
strong solution of alum, in which they may be preserved for a 
long time (Hopkins, Ptoc. Amer. Soc. of Microscopisis, 1890, 
p. 165). 

Maceration is greatly aided by heat, and at a temperature of 
40° to 50° C. may be sufficiently complete in an hour (Gage). 

A mixture of equal parts of nitric acid, glycerine and water is 
recommended by Marcacci {Arch. Hal. BmZ., iv, 1883, p. 293) 
for smooth muscle. 

538. Nitric Acid and Potassium Chlorate (KuHNE, I7e5er die 
peripherischen Endorgane, etc. ^ 1862 ; Ranvier, Traite, -p. 79). 
Potassium chlorate is mixed, in a watch-glass, with four times 
its volume of nitric acid. A piece of muscle is buried in the 
mixture for half an hour, and then agitated with water in a test- 
tube, by which means it entirely breaks up into isolated fibres. 

539. Nitric and Acetic Acid (ApIthy, Zeit. wiss, Mik., ic, 1898, p. 49). 
3 volumes glacial acetic acid, 3 of nitric acid, and 20 each of water, 
glycerine, and absolute alcohol. Macerate leeches for twenty-four hours, 
and bring them into 70 per cent, alcohol, in which they swell ; then 
after twenty-four hours, 50 per cent, glycerine, changed till the acid is 
removed. 

540. Hydrochloric Add. For vertebrate kidney fix in formolin 
10 per cent., transfer to concentrated hydrochloric acid at room 
temperature for from two to seten days. When properly, mace- 
rated wash out in aq. dest. for several days. For testis, fix as 
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above, merely slit the tunica vaginalis, transfer to concentrated 
hydrochloric acid 75 c.c., aq. dest. 25 c.c. one to seven days, 
keeping Just below boiling point. Draw off part of the acid, 
replace with hot water and continue this till the acid is largely 
replaced by water. If the tubules do not separate easily the 
maceration has gone on too long. See Oliver and Luey, Arch, 
Path,, 1934 ; Johnson, F. P., Anat, Rec,, 1934 ; Jackson, J. L., 
Anat, Bee., 1931. 

Konigstein {Sitzh. Akad. Wien, Ixxi, 1875) takes (for gold-impreg- 
nated cornese) equal parts of the concentrated acid glycerine, and 
water ; Freud (ibid., Ixxviii, 1879, p. 102, for nerve-impregnations), 
10 parts of acid, 7 of water, 3 of glycerine ; and Schuberg and 
Schroder {Zeit. wis^s. ZoqL, Ixxvi, 1904, p. 516) take (for fresh muscles 
of Hirudinea) 5 per cent, hydrochloric acid. 

541. Bela Haller’s Mixture (MorphoL Jahrb., xi, p. 321). 
One part glacial acetic acid, 1 part glycerine, 2 parts water. For 
the central nervous system of Mollusca a maceration of thirty 
to forty minutes may be sufficient. 

542. Sulphuric Acid (Ranvier, TraiU, p, 76). Macerate for 
twenty-four hours in 30 grm. of water, to which are added 4 to 5 
drops of concentrated sulphuric acid. Agitate. For nasal mucosa, 
crystalline, retina, etc. 

Odenius found very dilute sulphuric acid to be the best reagent 
for the study of nerve endings in tactile hairs. He macerated 
hair-follicles for from eight to fourteen days in a solution of from 
3 to 4 grm. of ‘‘ English sulphuric acid ” to the ounce of water. 

Hot concentrated sulphuric acid serves to dissociate horny 
epidermal structures (horn, hair, nails). 

543. Oxalic Acid. Maceration for many days in concentrated 
solution of oxalic acid has been found useful in the study of nerve- 
endings. 

544. Schieeferdegker’s Methyl Mixture (for the retina) 
[Arch. mik. Anat, xxviii, 1886, p. 305). Ten parts of glycerine, 
1 part of methyl alcohol, and 20 parts of distilled water. Macerate 
for several days (perfectly fresh tissue). 

545. Gage’s Picric Alcohol {Proc, Amer. Soc, of Microscopists, 
1890, p* 120). Ninety-five per cent, alcohol, 250 parts ; water, 
750 ; picric acid, 1. Recommended especially for epithelia and 
muscle. A few hours suffice. 

546. Chloral Hydrate. In not too strong solution, from 2 to 5 
per cent, for instance, chloral hydrate is a mild macerating agent 
that admirably preserves delicate elements. Lavdowsky (^rc/;t. 
mik, Anat., lS7Q, p. d59) recommends it greatly for salivary 
glands, Hickson {Quart, Joum, Mic, Sci,, 1885, p. 244) for the 
retina of Arthropods. 

547. Lysol (Reinke, Anat Anz,, vii, 1892, p. 582). Ten per 
cent, solution in distilled water or in water with alcohol and 
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glycerine. Spermatozoa of the rat or cortical cells of hairs are 
said to be resolved into fibrils in a few minutes, epithelial cells 
of salamandra to be dissociated instantaneously. 

548. Borates, etc. Engelmann {Pfuger's Arch., 23, 1880), 
used concentrated boracic acid, Lucas (J. Morph. 51, 1931) 
advocates 3 per cent, sodium borate. E. S. Goodrich (Q. J. M. S., 
83, 1942) recommends saturated solution of boric acid in 0*75 
per cent. NaCl (sea water or Ca-free sea water for marine forms). 
Add 2 drops of Lugol’s iodine solution to 25 c.c. of boric solution. 
Macerate from two to three days, the live organisms being killed 
in the solution. 

DIGESTION 

549. Digestion is maceration in organic juices, which by dis- 
solving out some of the constituents of tissues earlier than others 
serves to isolate those which resist. The chief liquids employed 
are gastric juice (or pepsin) and pancreatic juice (pancreatin or 
trypsin). 

Pepsin is best employed in acidified solution, pancreatin in 
alkaline. 

The most favourable temperature for digestion is about 40^ C. 

Pepsin digests albuminoids, collagen and mucin more or less 
readily, elastin more slowly. Nuclein is either not dissolved or very 
slowly. Keratin, neurokeratin, chitin, fat and carbohydrates are 
not attacked. 

Pancreatin (trypsin) digests albuminoids, nuclein, mucin, and 
elastic fibres ; whilst collagen substance, reticular fibres, chitin, 
horny substances, fat and carbohydrates are not attacked. 

Tissues for digestion should be fresh, or fixed with alcohol, not 
with chromic acid or other salts of the heavy metals. 

550. Pepsin (Beale’s, Archives of Medicine, i, 1858, pp. 296- 
316). The mucus expressed from the stomach glands of the pig 
is rapidly dried on glass plates, powdered, and kept in stoppered 
bottles. Eight-tenths of a grain will dissolve 100 gr. of coagulated 
white of egg. 

To prepare the digestion fluid, the powder is dissolved in dis- 
tilled water, and the solution filtered. Or the powder may be 
dissolved in glycerine. The tissues to be digested may be kept 
for some hours in the liquid at a temperature of 100° F. (37° C.). 

Brucke’s (from Carnoy’s Biologic cellulaire, p. 94). 

Glycerinated extract of pig’s stomach . 1 volume. 

0*2 per cent, solution of HCl . . . 8 volumes. 

Thymol, a few crystals. 

BickfalyTs {Centralb. med. Wiss., 1883, p. 838). One grm. 
of dried gastric mucosa is mixed. with 20 c.c. of 0*5 per cent. 
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liydrochloric acid, and put into an incubator for three or four 
hours, then filtered. Macerate for not more than half an hour 
to an hour. 

Kiiskow’s {Arch. mik. Anat., xxx, p. 32). One part of pepsin 
dissolved in 200 parts of 3 per cent, solution of oxalic acid. The 
solution should be freshly prepared, and the objects (sections of. 
hardened Ligamentum Nuchse) remain in it at the ordinary 
temperature for ten to forty minutes. 

551. Pancreatin. Schieffeedecker’s {Zeit wiss. Mih^ iii, 
1886, p. 483). A saturated solution of dried pancreas is made in 
distilled water, cold, and filtered. Pieces of tissue (epidermis) are 
macerated in it for three to four hours at about body temperature. 

CORROSION 

552. Corrosion is the operation of destroying the soft parts 
that surround hard parts that it is desired to study — in short, 
a means of cleansing hard parts for microscopic study. It has 
been applied to the removal of surrounding tissue from injected 
vessels or cavities. For this, see Altmann’s Method {Arch. mik. 
Anat., 1879, p. 471, or ^previous editions) ; also Rejsek (Bibliogr, 
Anat, iv, 1897, p. 229) ; Bruhl {Anat. Anz., xiv, 1898, p. 418) ; 
Denker {Anat. Hefte., 1900, p. 300) ; Thoma and Fromheez 
{Arch. Entwickelungsmech, vii, 1898, p. 678) ,* Peabody {Zoo. Bull. 
Boston, 1897, p. 164). The following sections relate chiefly to 
the cleansing of native hard parts. 

553. Potassium Hydroxide, Sodium Hydroxide, Nitric Acid. 
Boiling, or long soaking in a strong solution of one of these is 
an efficient means of removing soft parts from skeletal structures 
(appendages of Arthropods, spicules of sponges, etc.). 

554. Eau de Javelle (Potassium Hypochlorite) (Noll, ZooL 
Anzeig., cxxii, 1882, p. 528). A piece of sponge, or similar object, 
is brought on to a slide and treated with a few drops of eau de 
Javelle, in which it remains until all soft parts are dissolved. 
(With thin pieces this happens in twenty to thirty minutes.) 
The preparation is then cautiously treated with acetic acid, which 
removes all precipitates that may have formed, dehydrated, and 
mounted in balsam. The process is applicable to calcareous 
structures. 

Eau de Javelle is made by dissolving 10 grm, of potassium carbonate 
in 200 c.c. of aq. dest. Add gently 5 grm. of calcium hypochlorite in 
25 c.c. of aq. dest. Let the precipitate settle and decant. 

555. Eau de Labarraque (Sodium Hypochlorite) may be used in 
the same way as eau de Javelle. Looss {ZooL Anzeig, 1885, p. 333) 
finds that either of these solutions will completely dissolve chitin 
in a short time with the aid of heat. For this purpose the com- 
mercial solution should be taken concentrated and boiling. 
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If solutions diluted with 4 to 6 volumes of water be taken, and 
cMtinous structures be macerated in them for twenty-four hours or 
more, according to size, the chitin is not dissolved, but becomes trans- 
parent, soft and permeable to staining fluids, aqueous as well as alco- 
holic. The most delicate structures, such as nerve-endings, are stated 
not to be injured by the treatment. The method is applicable to 
Nematodes and their ova, and also to the removal of the albumen from 
ova of Amphibia, etc. 

556. DiaphanoL See § 794. This is an important fluid* 


CHAPTER XXIII 


DECALCIFICATION DESILICIFICATION AND BLEACHING 

557. Decalcification. In order to obtain the best results, it is 
important to employ only material that has been duly fixed and 
hardened, Lee thought it well not to put too much confidence in 
reagents that are said to have the property of hardening and 
decalcifying fresh material at the same time. 

It is generally well also to employ fluids that contain sub- 
stances having a shrinking action on tissues, so as to neutralise 
the swelling frequently brought about by the decalcifying acids. 
Large quantities of liquid should be employed. 

After decalcification the excess of acid should be carefully 
removed by washing, not in water, which favours swelling, but 
in some liquid that has rather a shrinking action, e,g. alum solution. 
Lastly, the tissues should be neutralised by treatment with 
calcium carbonate, or a salt of lithium or sodium or the like. 

Rousseau {Zeit wiss, Mik., xiv, 1897, p. 207) imbeds fixed 
material in celloidin, brings it into 85 per cent, alcohol, decalcifies 
in a very acid mixture (15 to 40 per cent, of nitric acid in alcohol) 
washes out the acid in alcohol containing precipitated carbonate 
of lime, then cuts sections. This for Porifera, corals, Echinoderms, 
etc. Tissues are said to be well preserved. 

558. Decalcification of Bone. We take the following from 
Busch : Arch, mik, Anat, xiv, 1877, p. 481 ; see also Haug, in 
Zeit, wiss. MiL, viii, 1891, p. 1 ; and Schaefer, ibid,, xix, 1903, 
pp. 308 and 441, and his paper in the Enzyk, mik, Technik, 

The most widely used, though not the best, agent for decal- 
cification is hydrochloric acid. Its action is rapid, even when 
very dilute, but causes serious swelling of the tissues. To remedy 
this, chromic acid or alcohol may be added to it. Or a 3 per 
cent, solution of the acid may be taken and have dissolved in it 
10 to 15 per cent, of sodium chloride. Or ( Waldeyer) to a xihjh 
cent, solution of chloride of 'palladium may be added of Its 
volume of HCl. 

Chromic acid is also much used, but has a very weak decalcifying 
action and a strong shrinking action on tissues. For this reason it 
should never be used in solutions of more than 1 per cent, strength, 
and for delicate structures much lower strengths must be taken. 

Phosphoric acid hobS been recommended for young bones. 

Acetic, lactic and pyroligenom acids have considerable decalci- 
fying power, but cause great swelling. Picric acid has a very 
slow action, and is only suitable for very small structures. 

■ 238 ' 


BECALQIFIGATION 


239 


559. C. E. Jenkin’s Decalcifying and Dehydrating Fixative 
( Journ, Path. Bad., vol. xxiv, 1921). 


Hydrochloric acid . . . . .4 

Glacial acetic acid ..... 3 

Chloroform . , . . . .10 

Water . . . . . . . 10 

Absolute alcohol . . . . .73 


Immerse tissue in 100 times its volume of the solution. The 
formula is based on Carnoy’s fluid, and avoids the yellow colour 
given by the nitric acid agents, and gives a very good stain with 
hsematoxylin. Wash out in absolute alcohol, several changes. 

This fluid acts rapidly, a piece of human rib softening in forty- 
eight hours. 

560- Nitric Acid (Busch, loc. cit.) To all other agents Busch prefers 
nitric acid, which causes no swelling and acts most efficaciously. 

One volume of chemically pure nitric acid of sp. gr. 1-25 is diluted 
with 10 volumes water. It may be used of this strength for very large 
and tough bones ; for young bones it may be diluted down to 1 per cent. 

Fresh bones are first laid for three days in 95 per cent, alcohol ; 
they are then placed in the nitric acid, which is changed daily, for eight 
or ten days. They must be removed as soon as the decalcification is 
complete, or else they will become stained yellow. When removed 
they are washed for one or two hours in running water and placed in 
95 per cent, alcohol. This is changed after a few days for fresh alcohol. 

Young and fcetal bones may be placed in the first instance in a 
mixture containing 1 per cent, bichromate of potash and xV per cent, 
chromic acid, and decalcified with nitric acid of 1 to 2 per cent., to 
which may be added a small quantity of chromic acid per cent.) or 
bichromate of potash (1 per cent.). By putting them afterwards into 
alcohol a green stain is obtained. 

561. Nitric Acid (Schaffer, Zeit. wiss. Mik., xix, 1903, p. 460). 
Schaffer also finds nitric acid the best reagent. It should be taken 
pure ; the addition of formol, alcohol, or the like, slows the reaction. 
The best strength is from 3 to 5 per cent. Objects must not be washed 
out directly with water, and washing in salt solution, alcohol, phloro- 
glucin, or formol, is not sufficient to prevent swelling. Alum in 5 per 
cent, solution is good, but not necessary. Material should be well fixed 
and imbedded in celloidin (§ 185) ; harden in alcohol ; remove the 
alcohol with water ; put for twelve to twenty-four hours (large speci- 
mens longer) into nitric acid of 3 to 5 per cent., then into a 5 per cent, 
solution of sulphate of lithium or sodium, to be changed once in the 
course of twelve to twenty-four hours ; running water, forty-eight 
hours ; alcohol. 

562. Nitric Acid and Alcohol.* Three per cent, of nitric acid in 
70 per cent, alcohol. Mayer has long used 5 per cent, acid in 90 per 
cent, alcohol. Soak specimens for several days or weeks. Pure nitric 
acid, even if weak, readily exercises a gelatinising action on bone ; 
whilst the addition of alcohol (or of alum) counteracts this action (Fish, 
Ref. Handb. Med. Sci., Supp., p. 425). 

Thoma (Zeit. wiss. Mik., -viii, 2 , 1891, p. 191) takes 5 volumes of 
95 per cent, alcohol and 1 volume pure concentrated nitric acid. Leave 

* Caution ; Cone. HNO 3 oxidises alcohol violently, sometimes explosively. 
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bones in this iiii:s:tiire, changing the liquid every two or three days, 
iinti! thoroughly decalcified, which should happen, even with large 
bones, in two or three weeks. Wash out until every trace of acid is 
removed (ie., for some days after no acid reaction is obtained with 
litmus paper) in 95 per cent, alcohol containing an excess of precipitated 
carbonate of lime. This may take eight to fourteen days, after which 
the tissues will stain well and may be treated as desired. 

563. Nitric Acid and Formol. Scheibde (HcematoL Techn., Jena, 
1910, p. 21) decalcifies material fixed in formol or formol-Miiller in a 
mixture of 1 part of formol, 1 of nitric acid, and 9 of water. 

564. Nitric Acid and Alum (Gage, quoted from Fish, § 562). A 
saturated aqueous solution of alum is diluted with an equal volume of 
water, and to each 100 c.c. of the dilute solution is added 5 c.c. of strong 
nitric acid. Change every two or three days, until the deealcification 
is complete. For teeth this is said to be, perhaps, a better decalcifier 
than the alcohol mixture. 

565. Sulphurous Acid (Ziegler, Festschr, f. Kupffer, 1889, 
p. 51). A saturated solution in water. Wash out for twenty- 
four hours. Acts rapidly and preserves well. Best used after 
fixation with formol. 

566. Hydrochloric Acid (see § 558). Ranvier says that it may be 
taken of 50 per cent, strength, and then has a very rapid action. To 
counteract the swelling action of the acid, sodium chloride may be added 
(von Ebner), see Haug’s paper quoted § 558. He takes either 100 c.c. 
cold saturated solution of sodium chloride in water, 100 c.c. water, and 
4 c.c. hydrochloric acid. Preparations to be placed in this, and 1 to 2 c.c. 
hydrochloric acid added daily until they are soft. Or, 2*5 c.c. of 
hydrochloric acid, 500 of alcohol, 100 of water, and 2*5 grm. of sodium 
chloride. Haug prefers the proportions of 1*0 to 5*0 of acid, 70 of 
alcohol, 30 of water, and 0*5 of salt. 

567. Hydrochloric Acid and Chromic Acid (Bayerl, Arch, mik. Anat,^ 
1885, p. 35). Equal parts of 3 per cent, chromic acid and 1 per cent, 
hydrochloric acid. For ossifying cartilage. Haug recommends equal 
parts of 1 per cent, hydrochloric acid and 1 per cent, chromic acid 
(loc, cit.), 

568. Hydrochloric Acid and Glycerine. Glycerine, 95 ; hydrochloric 
acid, 5 (Squire’s Methods and Formulce, p. 12). 

569. Trichloracetic Acid. Partsch {verh. Ges. D, Naturf. 
Aertze, 1895, 2 Theil, 2 Halfte, p. 26) uses a 5 per cent, aqueous 
solution, and Neuberger {Centralb, Phys,^ xi, 1897, p. 494) a 
4 per cent. one. Action energetic, preservation said to be excellent. 

570. Picric Acid should be taken saturated and changed frequently. 
Its action is weak, but it gives good results with small objects. 

Piero-nitric or Piero-hydrochloric Acid. Action very rapid. 

571. Phosphoric Acid. Ten to fifteen per cent. (Haug, loc. cit, in 
§ 558). Somewhat slow, stainmg not good. According to Schaefer, 
§ 558, it produces swelling. 

572. Lactic Acid. Ten per cent, or more. Fairly rapid, preserves 
well, and may be recommended (Haug, loc, cit). 

-573. Chromic Acid is employed in strengths of from 0*1 per cent, to 
2 per cent, (but see § 558), the maceration lasting two or three weeks (in 
the case of bone). It is better to take the acid weak at first, and increase 
the strength gradually. Action excessively slow. 
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. 574. Chromic , aii4 Nitric Acid. Seiler. .^Fol, Lerb,, p, 112) takes 
70 volxmies of 1 per cent, chromic acid, 3 of nitric acid, and 200 of water. 
The action is still excessively slow, frequently requiring months to be 
complete. 

575. Formic Acid. According to Cowdry, formic acid 1 to 5 per cent, 
in 70 per cent, alcohol is advocated by Shipley for large masses of bone. 
With 5 per cent, decalcification is complete in four to five days. Wash 
out in 70 per cent, alcohol. 

576. Celloidin Decalcifying Method (Cape-Kitchin). C. F. 
Bodeckee. (J. Dent. Res., 16, 1937). Dissolves collodion in 
acetone free methyl alcohol to make a syrupy solution. To 
200 e.c. of this add with constant stirring 90 c.c. acetone free 
methyl alcohol, and 9 c.c. of nitric acid sp. gr. 1.42. Since the 
crystalline elements of dentine are doubly refracting, the correct 
stage of decalcification is reached when double refraction dis- 
appears. 

577. Chromo-aceto-osmic Acid (Van der Stricht, Arch. BioL, 
ix, 1889, p. 29 ; and Schaffer, Zeit. wiss. Mik., x, 1893, p. 179). 
Objects to be left in it for months, the liquid being changed at 
first every two days, afterwards less frequently. Structure well 
preserved. 

578. Arsenic Acid. Four per cent, aqueous solution, used at a 
temperature of 30° to 40° C. (Squire’s Methods and Formulce, etc., 
p.ll). 

579. Phloroglucin with Acids (Andeer, Centmlb. med. Wiss., xii, 
xxxiii, pp. 193, 579 ; Intern. Monatsschr., i, p. 350 ; Haug, Zeit. wiss. 
Mik., viii, 1891, p. 8 ; Ferreri, ibid., ix, 1892, p. 236 ; Bull. B. Acad. 
Med. di Roma, 1892, p. 67). This is said to be the most rapid method 
of any. Phloroglucin by itself is not a solvent of lime salts ; its function 
in the mixture given below is so to protect the organic elements of 
tissues against the action of the mineral acid that this can be used in a 
much more concentrated form than would be otherwise advisable. 

Andeer takes a saturated solution in warm water, and adds to it 5 
to 50 per cent, of hydrochloric acid. Wash out in running water. 

580. Magnesium Citrate. Kramer and Shipley according to Cowdry, 
use 80 grm. of citric acid in 100 c.c. of hot distilled water, to which 
is added 4 grm. of magnesium oxide; stir until dissolved. Cool 
and add 100 c.c. ammonium hydroxide (density 0*90) and distilled 
water to make 300 c.c. Allow to stand twenty-four hours and filter. 
Titrate filtrate with hydrochloric acid to a pH of 7* 0-7* 6, and add' 
equal volume of distilled water. Change reagent every three days. 
A dog’s rib takes about fifteen days. Wash out in water. Imbed in 
paraffin or celloidin. 



DESILICIFICATION 

581. Hydrofluoric Acid (Mayer, Zool. Anz., 1881, p. 593). The 
objects are brought in alcohol into a glass vessel coated internally 
with paraffin. Hydrofluoric acid is then added drop by drop 
(taking great care to avoid the fumes, which attack mucous 
membranes with great energy). Small pieces of siliceous sponges 
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will be completely desilicified in a few hours, or at most a day. 
The tissues do not suffer. 

For sponges we find that this dangerous method can be avoided. If 
well imbedded, sections may be made from them without previous 
removal of the spicules, which appear to break off sharp before the knife. 

Rousseau imbeds the objects in celloidin, as described § 186 , then 
brings the block, in a covered caoutchouc dish, for a day or two into a 
mixture of 50 c.c. alcohol and 20 to' 30 drops of hydrofluoric acid, and 
washes out the acid with alcohol containing carbonate of lithia in 
powder. 


BLEACHING 

582. Mayee’s Chlorine Method {Mitth. Zool. Stat Neapel, ii, 
1881, p. 8). Put into a glass tube a few crystals of chlorate of 
potash, add 2 or 3 drops of hydrochloric acid, and as soon as the 
green colour of the revolving chlorine has begun to show itself, 
add a few cubic centimetres of alcohol of 50 to 70 per cent. Now 
put the objects (which must have previously been soaked in 
alcohol of 70 to 90 per cent.) into the tube. They float at first, 
but eventually sink. They will be found bleached in from a 
quarter of an hour to one or two days, without the tissues having 
suffered. Only in obstinate cases should the liquid be warmed 
or more acid taken. Sections on slides may be bleached in this 
way. Instead of hydrochloric acid, nitric acid may be taken, in 
which case the active agent evolved is oxygen instead of chlorine. 

This method serves both for removing natural pigments, such 
as those of the skin or of the eyes of Arthropods, and also for 
bleaching material that has been blackened by osmic acid, and 
according to renewed experiments of Mayer’s, is to be preferred 
to the peroxide of hydrogen method. 

For bleaching chitin of insects, not alcohol but water should 
be added to the chlorate and acid (Mayer, Arch. Anat. Phys., 
1874, p. 321). 

See also Mayer in Zeit, wiss, Mik,, xxiv, 1907, p. 353 (paraffin sections 
exposed to the vapour of chlorine water). 

Grynfeltt and Mestbezat (C. B. Soc, Biol., Ixi, 1906, p. 87) add 
2 c.c. of 20 per cent, solution of chloric acid (HCIO) to 15 c.c. of alcohol 
and put sections (of retina) into it for several hours at 42° C. 

583. Eau de Labarraque. Eau de Javelle (see §§ 554, 555). These 
are bleaching agents. For the manner of preparing a similar solution 
see early editions, or Journ.de M^crogr.,1887, p. 154, or Journ. Roy. Mic., 
Soc., 1887, p. 518- Of course, the method cannot be used for bleaching 
soft parts which it is desired to preserve. 

584. Hydrogen Peroxide (Pouchet’s method, M. Duval, 
Precis, etc., p. 234). Macerate in glycerine, to which has been 
added a little hydrogen peroxide solution, 5 to 6 drops 
to a watch-glass of glycerine. Solger {CentralbL med. Wiss., 
xxi, 1883, p. 177) takes a 8 per cent, solution of peroxide. Furst 
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{Morph. Arb. Schwalbe, vi, 1896, p. 529) points out that after a 
time it macerates. 

This method serves both for removing pigments and for bleach- 
ing osmic and chromic material. 

585. Peroxide of Magnesium (Mayer, Grundzilge, p. 290). Use as 
chlorine, § 582. A slow but delicate method. 

586. Suiphurotis Acid. Prof. Gilson wrote that he found 
alcoholic solution of sulphurous anhydride (SO 2 ) very convenient 
for the rapid decoloration of bichromate objects, A few drops 
suffice. Monckeberg and Bethe {Arch, mile. Anat., liv, 1899, 
p, 135) obtain the acid by adding to 10 c.c. of a 2 per cent, solution 
of bisulphite of sodium 2 to 4 drops of concentrated hydrochloric 
acid. Objects are put into the freshly prepared solution for six 
to twelve hours. 

587. Potassium Permanganate. Alfieri (Monitore ZooL Hal,, viii, 
1897, p. 57) bleaches celloidin sections of the choroid, etc., for eight to 
twenty-four hours in a 1 : 2000 solution of potassium permanganate, 
then washes them out for a few hours in a sohition of oxalic acid of 
1 : 300 strength, or weaker. 

588. Grenacher’s Mixture for Eyes of Arthropods and other Animals 
{Ahh. nat. Ges. Halle-a-S., xvi ; Zeit, wiss. Mik., 1885, p. 244). 

Glycerine . . . . . . . 1 part, 

80 per cent, alcohol . . . . . 2 parts. 

Mix and add 2 to 3 per cent, of hydrochloric acid. 

Pigments (i.e. those in question) dissolve in this fluid, and so doing 
form a stain which suffices in twelve to twenty-four hours for staining 
the nuclei of the preparation. 

589. Nitric Acid. Parker {Bull. Mus. Comp. Zool., Cambridge, 
tJ.S.A., 1889, p. 173) treats sections (of eyes of scorpions) fixed to the 
slide with Schallibaum’s medium, for about a minute with a solution of 
up to 50 per cent, of nitric acid in alcohol, or, still better, with a 35 per 
cent, solution of a mixture of equal parts of nitric and hydrochloric acid 
in alcohol. To make the solution, the acid should be poured slowly into 
the alcohol (not mce versd), and the mixture kept cool. 

Jander (Zeit. wiss. Mik., xv, 1898, p. 163) takes for removal of pig- 
ments Seiler’s chromo -nitric acid (§ 574) ; twelve to forty-eight hours 
is enough for small objects. 

590. Caustic Soda. Rawitz {Leitfaden, p. 29) dissolves the pigment 
of the mantle of Lamellibranchia by means of 3 to 9 drops of officinal 
caustic soda solution added to 15 to 20 c.c. of 96 per cent, alcohol. 

591. Diaphanol, § 794. The newest method for decolorising chitin. 
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EXAMINATION OF LIVING CELLS BY ORDINARY METHODS 

592. Examination of Living Cells. This must be carried out 
in the body fluids of the animal or much less preferably in a 
physiological solution which contains various salts which closely 
approximate to those found in the body fluids of the animal whose 
cells are being examined. In any case the cells rarely remain 
normal for long. The pH of the solution must also be adjusted 
correctly as well as the osmotic pressure. In the casfe of a supra 
vital staining experiment, it may be found that unsuitable 
medium may prevent the cells from staining. It is always better, 
if possible, to stain the animal intravitally by injecting the 
stain internally, or by submerging aquatic animals in water in 
which stain has been dissolved to the correct dilution. 

The data for vertebrate animals are more complete than those for 
invertebrates, and Pantin, whose tables are reproduced below, points 
out that these must be considered provisional. The reader may refer 
to the scattered sources of information given in Pantin’s book (op. cit). 
For American species consult W. H. Cole {Journ. Gen. Physiol., 23, 
1940). 

Examination of living cells by the Phase Contrast Microscope 
will be found of great value where the material is suitable (§893). 
Cells may be dissected out into a drop of their body fluid, or into 
one of the physiological media given here. Coverslips or slides 
may be coated with dyes which act after the cells are placed on the 
dried stain film (§§ 634, 850). The paraffin oil technique below 
enables one to examine living cells for long periods. It should be 
noted that in many cases the cells alter considerably after a few 
hours though they are still alive. At the time when special 
cells are available, quick permanent smears can be made by 
many valuable methods, for comparison with those under 
supra vital examination. 

Certain optical systems such as the oil immersion substage 
condensor, and the phase contrast microscope are arranged so 
that the optimum results are only attained when the object is 
placed on the Ordinary thickness of a glass 3X1 slide. This 
being so, hanging drop preparations have to be made on hollow 
ground slides in order to attain the right level above the substage 
condensor. If hollow ground slides cannot be got, a hole can be 
punched in a 3 X 1 piece of cardboard of the correct thickness. 
If the height above the substage condensor is not critical suitable 
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rings can be made by punching out rings with large cork borers 
of different sizes. These rings can be gummed to the slides. The 
coverslip with the preparation can be stuck down on the ring 
with vaseline. Alternatively squares can be cut out with a chisel, 
and gummed to the slide. 

Water immersion lens are often very useful in work on vital 
material. 

Overheating Living Cells. A strong light may overheat cells 
and a ^ater bath may be necessary between light and mirror. 
Cells from warm-blooded animals may need a stage warmer. 
In its simplest form this consists of a piece of 3 X 1 inch wood 
about the same thickness as a glass slide. A small hole is punched 
in this and a piece of copper wire coiled around the hole once 
and anchored by small nails, and the wire continued out about 
8 inches to a spirit or gas flame. This will warm the slide slightly 
and correctly by the flame at the proper distance. 

Electrically heated stage fittings are now made from suitable 
resistance wire, and provided with a rheostat for correct adjust- 
ment. 

593. On Cleaning Slides and Covers for Vital Work. The 
ordinary laboratory dusters and handkerchiefs have usually been 
washed in soap alkali, or some soap substitute. To use such 
dusters for cleaning slides for vital work is to court failure. 
According to Simons and Sanders {Arch, Path,, 33, 1942) 1 part 
of soap in 1,000,000, will produce fat granules in growing tissue 
cultures! They boil glassware in 2 hundredths molar sodium 
hydroxide followed by two washings with aq. dest., followed by 
boiling in 1 hundredth molar acetic acid, then rinsing in aq. dest. 
Such elaborate precautions are unnecessary for ordinary vital 
staining, and clean slides and covers can be washed in tapwater, 
rubbed with clean fingers rinsed in aq. dest. and if for immediate 
use rubbed dry between folded pieces of the best chemical filter 
paper. It has been stated that filter paper contains a minute 
trace of copper. For the gross cleaning of dirty glass .ware, see 
§ 1448.: 

594. Immersion Oil Substitute for Smears. If the oil is too 
thick, the coverslip is pulled up and down when focussing, and 
the hanging drop preparation is not always convenient. Methyl- 
benzoate (RI.1*517) is a useful substitute for cedar wood oil 
(RI.1*510) as it is much less viscous. Usually if the smear moves 
under examination, the effect can be reduced by suckingout some 
of the excess fluid with a sharp piece of filter paper. We have 
found that the methyl benzoate has penetrated and clouded the 
lens system of an oil immersion, and for this reason may be 
dangerous. 

We are informed that methyl benzoate will dissolve the cement used 
in a microscope lens. Yet we have used one immersion for years with 
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methyl benzoate, whereas another became injured in a few days. Since 
methyl benzoate is so useful to those who work on smears, and Protozoa, 
for example, it would be an advantage for immersion objectives to be 
cemented with some more resistant substance. 

595. Irrigation of Material Under Cover Slips. This can be 
done by putting extra fluid on one side, and sucking away fluid 
from the opposite side with sharp pieces of filter paper. 

596. Natural Blood. Pantin (op, cit.) says that this may be 
contaminated with products from histolysis of amoebocytes and 
other cells, especially in Crustacea. He recommends cooling the 
animals well before bleeding, and centrifuging the blood in 
paraffined tubes. The best way to bleed Helix is to drown 
partially in closed vessel, slit foot and leave animals to drain 
into funnel. Then clear blood by centrifuging. 

597. On Making up Physiological Solutions. It is essential that the 
distilled water used be free from salts of the heavy metals. The 
chemicals must be of the highest analytical grade. All saline media 
containing NaHCOg must be sterilised if necessary (and it is not 
necessary usually except in tissue culture) by a Berkefeld or Seitz 
filter and not by heat. Loss of CO 2 causes the solution to become 
more alkaline. In tall tubes (i,e. test tubes) the pH may vary at 
different depths, and organisms wiU multiply at the level most favour- 
able to them (see § 726). 

598. Physiological Saline Solution 

Frog, O’ 64 per cent. ; Salamander, 0*80 per cent. ; birds, 0*75 per cent. ; 
warm-blooded animals, 0*90 per cent. ; NaCl Selachians 1*5 to 2-6 per 
cent. ; NaCl according to species (Rodin) ; invertebrate, 0*75 per 
cent. 

Ringer Solution 

For Amphibians : NaCl, 0-65 grm. ; KCl, 0*025 grm. ; CaClg, 0*03 
grm. ; [NaHCOg, 0*02 grm.] pH7*0-7*4 (circa) ; Aqua dest., 100 c.c. 

For Warm-blooded Animals: NaCl, 0*85 grm.; KCl, 0*025 grm.; 
CaCl 2 , 0*03 grm. ; Aqua dest., 100 c.c. 

Ringer-Locke 

NaCl, 0*85 grm. ; KCl, 0*042 grm. ; CaClg, 0*025 grm. ; NaHCOs, 
0*02 grm. ; Aqua dest., 100 c.c. (for cold-blooded animals 0*65 grm. 
NaCL). 

N,B, If the solution is used with NaHCOg, although this is not the 
general practice, the calcium chloride must be added last to the solution, 
in order to avoid the precipitation of insoluble calcium carbonate. 

The solution does not keep well, and should be preferably freshly 
made on each occasion. 

Lockc-Lewis solution is exactly similar to the above save that it 
contains 0*01 to 0*25 grm. dextrose. 

Since this solution should also be freshly made just before use, it is 
convenient to keep the following solutions always made up. 

NaCl, 9 per cent. ; KCl, 1 per cent. ; CaClg, 1 per cent. ; NaHCOg 
10 per cent. 

Immediately before use 20 c.c. NaCl, 4 c.c. KCl, 4 c.c. CaClg are 
added to 200 c.c. aqua dest. If sterility is desired, the above solution 
is heated to boiling. ASteff coolings 0*4 c.c. NaHCOg is added. 

N,B, A solution containing NaHCOg must on no account be heated, 
since by loss of CO 2 the bicarbonate becomes transformed into the 
carbonate. If desired, it may be filtered through a Berkefeld filter. 
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Tyrode 

NaCl, 0-8 grm. ; KCl, 0-02 grm. ; CaClg, 0*02 grm. ; MgClg, 0*01 
grm. ; NaHgPO^, 0 005 grm. ; NaHCOg, 0-1 grm. {pB. 7-5-7^S (circa) ) ; 
grape sugar, 0-1 grm. ; aqua dest., 100 c.c. 

This solution may not be boiled. If desired, it may be sterilised 
through a Berkefeld filter. 

Fleisch solution is a modified form of Tyrode, and may be made up 
in two stock solutions, which may be boiled without harm. 

Stock Solution I 

NaCl, 8-0 grm. ; KCl, 0-2 grm. ; Normal NagCOg soL, 20 c.c. ; aqua 
dest., 500 c.c. 

Stock Solution O 

CaClg, 0-2 grm. ; MgClg, 0-1 grm. ; N. HCl sol., 8 0 c.c. ; N. H 3 PO 4 
sol., 3-5 c.c. ; dextrose, 1-0 grm. ; aqua dest., 500 c.c. 

Just before use equal parts of the two solutions (after cooling) are 
taken, and Sol, I. is added to SoL II, The prepared solution (I and II.) 
must not be boiled. pH of solution ~ 7*52. 

599. Pannett and Compton Saline (Warm Blooded). 

Solution A : NaCl, 8*0 grm. ; KCl, 0*42 grm. ; CaClg, 0-20 grm. ; 
aqua dest., 100 c.c. 

Solution B: Na 2 HP 04 , 12 H 2 O, 0*43 grm.; NaH 2 P 04 , 4 H 2 O, 
0 043 grm. ; aqua dest., 100 c.c. 

Take 88 c.c. of double distilled water and add 8 c.c. of solution A. 
Add 4 c.c. of solution B, and autoclave both portions. Then add A to 
B after cooling. The pH may be varied by varying the proportion of 
acid phosphate (Lancet i, 1924). Unlike Ringer-Locke this saline can 
be sterilised in the autoclave. 

600. Marine Mollusc Fluid 

Aqua dest., 1000 c.c. ; NaCl, 23-38 grm. ; CaClg, 5*55 grm. ; MgClg, 
7*62 grm. 

601. Clarke’s Fluid for Living Insect Cells 

Aqua dest., 200 c.c. ; NaCl, 1-3 grm. ; KCl, 0-028 grm. ; CaClg, 0*024 
grm. ; NaHCOg, 0-02 grm. ; Na 2 HP 04 , 0-002 grm. 

602. Marine Crustacea Fluid 

Aqua dest., 1000 c.c. ; NaCl, 29-23 grm. ; KCl, 0-75 grm. ; CaClg, 
4-44 grm. 

603. Nicholl’s Elasmobranch Fluid 

Aqua dest., 1000 c.c.; NaCl, 16-38 grm.; KCl, 0-89 grm.; CaClg, 
1-11 grm. ; urea, 21-6 grm. ; dextrose, 1-0 grm. ; NaHCOg, 0-38 grm. ; 
NaH 2 P 04 , 0*06 grm. 

604. Sea Water Ringer. One part sea water, three parts aqua dest. 

605. Hddon-Fleig Saline 

NaCl, 0*7 grm.; KCl, 0-03 grm.; CaClg, 0-01 grm.; NaHCOg, 
0-15 grm.; Na 2 HP 04 , 0-05 grm. ; MgSO^, 0-03 grm.; glucose, 0-1 
grm. ; aqua dest., 100 c.c. (pH circa 8 - 8 ). 

The above solution is extremely useful for teasing out, etc., pieces 
of tissue from invertebrate animals with a body fluid of high pH (e.g, 
Hcfe aspersa, pH 8*4). 

To preserve the active movement of mammalian sperms for a long 
time suspend them in this solution : — 

606. Baker’s Buffered Glucose-Saline 

Glucose, 3-0 grm. ; Na 2 HP 04 . 12 H 20 , 0-6 grm. ; sodium chloride, 
0-2 grm. ; KH 2 PO 4 , 0-01 grm, ; distilled water, 100 c.c. 

(See J. R. Baker, (^uart, Journ, Exp, Physiol,, xxi, 1931, p. 139.) 

607. Holtfreter’s Ringer for Pieces of Amphibian Embryos 

NaCl, 0-35 grm; KCl, 0-005 grm.; CaClg, 0*01 grm.; NaHCOg, 
0-02 grm. ; aqua dest., 100 c.c. ; pH, 7*8-8-2, 
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6D8. Invertebrata (Pantin) 



Lum- 

bricuB. 

Leech- 

Helix. 

Limiisea. 

Astacus. 

j 

Dytiscus 

Peri- 

planeta. 

' Apis 

1 larva. 

c.c. of 0-54 M.NaCl 

250 

210 

220 

85 

330 

290 

10 

c.c. of 0-54 M.KCl 

5 

8 

7-5 

5 

10 

5 

(44) 

c.c. of 0-36 M.CaCb 

5 

5 

2-5 

8 

29 

5 

10 

c.c. of 0-36 M.MgCla . 

1 


7 

13 

7 


24 , 

c.c. of 0-44 M.Na 2 S 04 . 

1 

— 

5-5 

— 

— 

— . 

— 

c.c. of 0-54M.NaHCO3. 

— 

3 

3 

3 

, — . 

— 

— 

c.c. of phosphate buffer 

100 

100 

350 

' — 

100 

— 

■ — 

pH ... . 

H 2 O to 1 litre. 

7-4 

7-4 

8-4 


7-5 

7-2 

6-4-70 


Figures for earthworm, leech, snail, waterbeetle, cockroach based on 
empirical solutions in w^hich tissues are found to survive. Apis based on 
analysis of blood, figures (44) refer to c.c. of KaHP 04 at 0-54 normal for 
K (94-0 g. p.l. anhydrous) and not to KCl. 


609. Vertebra ta (Pantin) 



Scylliiim. 

Marine 

teieosts. 

Fresh water 
teleosts. 

Amphibia 

(Jiinger). 

Mammal 

(Einger- 

Locke). 

c.c. of 0-54 M.NaCl 

500 

430 

174 

210 

270 

c.c. of 0-54 M.KCl 

21 

15 

3-5 

6 

10 

c.c. of 36 M.CaCb 

13 

3 

3 

7-5 

6 

c.c. of 0-36 M.MgCla . 

19 

5 

— 

— 

— 

c.c. of 0-44 M.Na 2 S 04 . 

9 

— 

, — 

— 


c.c. of 0*54 M.NaHCOg. 

— . 

— 

— 

4-5 

— 

c.c. of 0*9 M. urea 

438 i 

— 


— 

4-5 

pH ... . 

H 2 O to 1 litre 




7-2 

7-2 


Sea Water from Isotonic Solutions : 0*54 M.NaCl 739-6 c.c., 0*054 M.KCl 
18-05 C.C., 0-36 M.MgCla 145-7 c.c., 0-36 M.CaClg 28-0 c.c., 0-44 M.Na 2 S 04 
63-0 c.c., 0-54 M.NaHCOg 4-6 c.c., 0-54 M.NaBr 105 c.c. Note, for most 
purposes NaBr may be omitted or e^cchanged for equivalent NaCl. Atlantic 
sea water 35-0-35-5 per cent.. North Sea 34-35-0 per cent. Aquaria should 
not be less than 32 per cent. (See also Recent Advances in Chemistry, 
Biology of Sea Water,” H. W. Harvey, C.U.P., 1945.) 

610. The Paraffin Oil Drop Technique. Paraffin oil was used in 
early, experiments on oxygen consumption phenomena to exclude 
atmospheric oxygen. Now it is known to be a solvent of oxygen but 
not of CO 2 . The technique for Protozoa (§ 726) consists of putting 
a small drop of paraffin on a slide — the drop should not flatten. 
Now with a sharp pipette, inject a smaller drop of liquid con- 
taining the organisms into the middle of the oil drop, cover. The 
organisms will live for many hours in the drop as the oil keeps 
the water from evaporatings but still able to get atmospheric 
oxygen. For the hanging drop technique, place a small oil drop 
under the coverslip, inject the organisms and put the coverslip 
still inverted on a hollow ground slide, or on a square of four cut 
and vaselined match sticks on a slide. 
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For gonads and pieces of tissue, place the small piece on a slide 
in a, little body fluid, add a ring of paraffin oil and put on the 
co^^er : or place on cover first, and then gently ring with paraflfin 
oil with a fine pipette. Baur (Zeit, f. Zellf, mikr. Anat., 1935), 
CoMMANDON and de Fonbrune {Ann, Inst, Pasteur, 1938). 

While this oil drop technique is interesting, we are not clear as to how 
it can be considered superior to a properly sealed flat hanging drop 
preparation, which can be detached, irrigated, or fixed by osmic or 
formalin vapour, and the organisms or cells retained for further study 
in the fixed state. 

611. Smears, etc. Under various paragraphs (657, 660, 741, 
852) will be found methods of making smears of blood, Protozoa 
and plant material. These methods do laot necessitate imbed- 
ding or sectioning and are worth mastering. Another method 
of importance was suggested by B^lar {Method, der wiss. Biol., 
vol. i, 1928) and modified by Albert Tyler {Collecting Net, voL 
xix, 1946). 

BSlar-Tyler Coverslip Technique. Place a small drop of cell 
suspension (eggs, sperm cells, Protozoa, etc.) on a square coverslip. 
Put a similar drop of fixative on another coverslip, and lower 
one cover on the other, seeing that the edges of the covers are 
not in line, this being important when one comes to separating 
them. The joined covers are then carefully placed in a dish, 
and alcohol, water, etc., according to the fixative used, is added. 
The covers tend to separate, and about one half of the eggs, etc., 
will stick to one or the other cover. If they do not separate 
easily, a needle and fine forceps may be used, but the covers must 
not be slid, as this will tend to cause distortion and loss of cells. 

It will be found that the smaller the drops used, the more the 
eggs or cells are flattened. However, they usually flatten to 
5 or 10 microns, and the coverslips can then be treated as if for 
sectioned materials. It is important that the fixative be not 
allowed to act too long, as the cells flatten irregularly and fail to 
adhere. With eggs of 0*05 to 0-2 m.m. in diameter two to ten 
minutes in Bouin is sufficient. 

This method is useful for chromosome counts, determining 
stages of mitosis and fertilisation. Since it involves flattening it is 
obviously unsuitable for any work in which it is necessary to 
retain normal shape of cells, but it is indispensable as a quick test 
method for fixatives and stains, and in student class work. # 
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VITAL STAINING* 

PART L GENERAL AND THEORETICAL 

612. Types of Staining. Vital staining is the teclinique of 
colouring living cells. This may be brought about by the staining 
of preformed structures, by a general diffuse staining, or by the 
deposition of dyestuff as new intracellular formations (segrega- 
tion, or ‘‘ Speicherung ”). The type of staining is influenced by 
the state of functional activity of the ceils. 

613. Vital Stains. Almost all the dyes employed for vital 
staining belong to one or other of the classes of acid or basic 
dyes. Acid dyes may be considered as salts of colour acids with 
bases, usually Na, K, or Ca ; and basic dyes as salts of colour 
bases with acid radicles, usually — Cl or — SO4.. The following 
are the dyestuffs most frequently employed in vital staining : — 

Acid Dyes. Trypan blue, trypan red, vital new red, isamine • 
blue (pyrrol blue). 

Basic Dyes. Neutral red, Janus green, brilliant cresyl blue, 
methylene blue and Bismarck bpwn. 

Most acid dyes are water soluble, but insoluble in lipoid solvents. 
The majority of basic dyes, while soluble in water, have a certain 
degree of lipoid solubility. 

614. General Methods of Staining, f Small aquatic animals can 
be stained by the addition of dyestuffs to the water in which they 
are kept. Terrestrial animals are injected with dilute solutions, 
the more diffusible dyes being injected subcutaneously or intra- 
peritoneally, and the less diffusible intravenously. These methods 
are usually described as intra vitam staining, or staining in vivo. 
Staining of teased tissues, or isolated cells in dilute dye solutions, 
is known as su^ra vital staining, and is the method usually 
employed with basic dyes. One of the best means of studying 
vital staining is to employ tissue cultures — vital staining m vitro. 
Special irrigation apparatus for bathing cells with dye solutions 
has been devised by some workers (see Nagel, Zeit. f. Zellforsch., 
ix, 1929 , p. 846 ). 

615. Vital Staining by Segregation. The acid dyes employed 
for vital staining, on entering living cells, are segregated as 
granules or vacuoles in their cytoplasm. Thus there is brought 

* ByR. J. L. 

t Por Simpson’s coverslip method, see under Blood” § 850. 
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about “ an actual accumulation within the cell of vital dye- 
stuffs in fluid, high-colloidal, flocculate or crystalline form ” 
(Evans and Scott, Contrih, to Embry., x, 1921, p. 1). There 
appears to be a protein substance associated with the dye droplets, 
at least in advanced stages of segregation (Chlopin, Zeit. /. 
Zellforsch.y'x.i, 1930, p. 316). According to Schulemann {Biochem, 
Zeit, Ixxx, 1917, p. 1) the rate of diffusion of dyestuffs is the factor 
which determines their suitability as vital dyes. Highly diffusible 
dyes spread rapidly through the animal body, and are rapidly 
excreted. Indiffusible dyes and colloids when injected sub- 
cutaneously are deposited at the site of inoculation. The best 
dyestuffs for vital staining are those with medium rates of 
diffusion. Both Schulemann {Biochem. Zeit, Ixxx, 1917, p. 1) 
and VON Mollendorpf (Ergeb. PhysioL, xviii, 1920, p. 141) have 
concluded that chemical constitution has no direct relation to vital 
staining properties, but Cappell (J. Path, and Bact., xxxii, 1929, 
p. 595) and Wallbach {Arch.f. expt Zellforsch., x, 1931, p. 383) 
do not agree with this conclusion. 

In addition to acid dyes, “ vital staining ” by segregation can 
be brought about by other means, e.g. with colloidal metals 
(collargol), India ink, and certain iron compounds. 

The segregation of acid dyes is a relatively slow process com- 
pared with the staining of cell vacuoles by basic dyes. Further- 
more, not all cells segregate acid dyes. Amongst those which 
do are macrophages, fibroblasts, fat cells of the connective tissues, 
Kiipffer cells and parenchyma cells of the liver, capillary endothe- 
lium of the bone marrow and adrenal, reticulum cells of the 
lymph nodes, thymus and spleen, and kidney epithelium cells. 

For further information concerning the cells which stain intra-vitam 
with acid dyes see von Mollendorff (Abderhalden's Hdb. biol. ArbeiU 
smeth,, Sect. V., Part 2, 1921, p. 97), Glasunow {Zeit f, Zellforsch, 
vi, 1928, p. 773), Cappell (J. Path, and Bact, xxxii, 1929, p. 595), and 
Ludforb (Proc. R.S.B., civ, 1929, p. 493, and ibid., cviii, 1931, p. 270). 

616. Staining of Cytoplasmic Bodies with Acid Dyes. Acid 
dyestuffs rarely stain cytoplasmic inclusions, but instances have 
been recorded : these include protein granules in epithelial cells 
of the intestine of young mice, the secretion in mammary gland 
cells, and in certain of the ductless glands (von M5llendorff 
loc. cit, 1921) and granules (keratohyalin) in epidermal cells 
growing w vitro (Ludford, 10th ScL Rep. Imp. Cancer Res. Fd., 
1932, p. 169). Staining of preformed inclusions in invertebrate 
cells has been described by Chlopin (Arch, expt Zellforsch., iv, 
1927, p. 462). 

617. Staining of Preformed Structures with Basic Dyes. Accord- 
ing to VON Mollendorff Hdb. biol. Arbeitsmeth., 

Sect. V, Part 2, 1921, p. 97) the best basic dyes for staining cell 
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vacuoles and granules are those which, while water soluble, are 
only slightly soluble in lipoids, but are readily flocculated in 
contact with acid colloids, e,g. neutral red. Seki {Zeit. f, Zell- 
forsch., xix, 1933, p. 289) also concludes that an intense granular 
staining depends essentially upon a reciprocal precipitation 
between acid substances in the watery phase of the cell granules, 
and the basic dyestuff. Probably because of their lipoid solubility, 
basic dyes such as neutral red, and brilliant cresyl blue readily 
penetrate all types of cells and quickly stain cytoplasmic vacuoles 
and granules. Also they stain yolk granules in embryonic tissues 
and dye droplets formed as the result of vital staining with acid 
dyes (voN Mollendoref, loc. cit., 1921). Gatenby reports that 
in germ cells neutral red stains the y-granules (rubrophile granules) 
in insects, annelids and mammals, and the proacrosome in many 
insects. In human spermatocytes needle-shaped crystals are also 
stained (Gatenby, AnaL Eec., xlviii, 1931, p. 121). 

618. Segregation of Basic Dyes. Besides staining preformed 
structures, basic dyes may under certain conditions give rise to 
new cytoplasmic formations. Chlopin {Arch, expt. ZellforscK, iv, 
1927, p. 462) has shown that with intense staining, newly formed 
dye droplets contain varying amounts of a substance, which he 
regards as protein from the way in which it is retained after 
fixation. This substance he calls the “ Krinom.” In fixed tissues 
it can be stained with basic aniline dyes. 

Ludford {Ptoc. cviii, 1931, p. 270) demonstrated that 

both acid and basic dyes when injected into the living animal are segre- 
gated in the liver cells in the same manner, in the same region of the 
cells, next to the intercellular bile canaliculi. He has therefore con- 
cluded that a basic dye such as neutral red on entering a cell is floccu- 
lated at the surface of any droplets and granules that may be present, 
possibly only if they are of a more acid character. Excess of the dye 
then becomes deposited as new cytoplasmic formations {Biol, Rev,^ 
viii, 1933, p. 357). l^VTien working with basic dyes it is essential to bear 
in mind the possibility that coloured droplets which appear in cells 
may have been induced by the presence of the dyestuff, and not have 
been preformed. Failure to recognise this possibility has led to faulty 
conceptions of cytoplasmic structure. 

619. Diffuse Staining of Cells. Certain basic dyes stain living 
cells diffusely. According to von Mollendorff {loc, cit., 1920) 
these are readily soluble in lipins, but show no disposition to be 
flocculated by acid colloids. Some have been found neither to 
stain preformed structures, nor to be segregated (Ludford, loc, 
cit,, 1981). Others, which are flocculated to a slight extent, stain 
cell granules faintly, and at the same time stain the cytoplasm 
diffusely. The following dyes have been employed for vital 
staining : — 

Diffuse Staining. Rhodamine B, safranine G and diamant- 
fuchsin. 
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Diffuse Staining with Faint Granule Staining. Crystal violet 6 B, 
methyl violet 5 B, anramine and malachite green. 

Dead cells stain diffusely with most dyestuffs. Intra-vitam 
staining with trypan blue can therefore be employed for detecting 
centres of necrosis in the animal body. Dyestuffs which have been 
segregated by living cells become spread diffusely after cell death 
except when appropriate fixation has been employed. 

According to Nassonov (Zeit, f. Zellforsch., xi, 1930, p. 177 ; Proto- 
plasma, XV, 1932, p. 239), Wallbach (Zeit. /. Zellforsch,, xiii, 1931, 
p. 180) and Alexandkov (Protoptema, xvii, 1932, p. 161), dyestuffs 
which are segregated under normal conditions of functional activity, fail 
to be segregated under certain abnormal metabolic conditions (anaero- 
biosis and acidosis), and instead stain the nucleus and colour the 
cytoplasm diffusely. 

620. General Technical Procedure. (1) Sterilise dye solutions 
before injecting by heating for not less than ten minutes in a 
test-tube contained in a beaker of boiling water. Heat-labile 
dyestuffs should be passed through a Berkef eld filter. (2) Swab 
the skin with alcohol where the injection is to be made. (3) Mas- 
sage the site of subcutaneous injections so as to spread the dye. 
(4) After staining, tissues can be teased out in Ringer solution, 
and the cells examined in the living condition. Small pieces of 
connective tissue should be spread out rapidly on a dry slide 
and a drop of Ringer solution added immediately, and covered 
with a coverslip. 


PART n. VITAL STAINING WITH ACID DYES AND RELATED 

SUBSTANCES 

621. Trypan Blue* This is one of the best acid dyes for intra- 
vitam staining, and can be well retained in fixed tissues. 

Preparation. Dissolve 0*5 grm. in 100 c.c, of distilled water, saline, 
or Ringer solution— some workers use a 1 per cent, solution. A solution 
in distilled water is satisfactory for most purposes. Filter. Heat at 
temperature of boiling water for ten minutes to sterilise. Old solutions 
should not be used as alterations in colloidal state occur after a time, 
and the dye becomes more toxic. It is undesirable to use solutions 
more than a month old. The dye solution is best kept in an ice safe. 

Methods of Staining and Amounts to Inject. Inject either 
subcutaneously, intraperitoneally or intravenously. The following 
amounts are recommended for subcutaneous injections : — 

Mice (per 20 grm. bodyweight) . , 0*5 to 1 c.c. 

Rabbits (per 1,000 grm. bodyweight) . 10 to 15 c.c. 

Frogs (per 20 grm. bodyweight) . . 0-5 to 1 c.c. 

Inject at intervals of three to five days. 
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Staining occurs after the first injection, and increases in intensity 
with repeated injections. Fix twenty-four hours after the last 
injection. 

Fixation and Staining, (a) Frozen Sections. Fix small pieces 
of tissue in 40 per cent, formalin for twenty minutes to two 
hours according to size ; or in 10 per cent, formalin in normal 
saline overnight. Cut sections with a CO 2 freezing microtome. 
Neutral red, or carmine are good for post-vital staining. Make 
up neutral red as follows — dissolve 1*0 grm. of neutral red in 
1,000 c.c. of distilled water, and then add 2 c.c. of a 1 per cent, 
solution of glacial acetic acid. Stain sections rapidly ; less than 
a minute is usually sufficient. Rinse with distilled water, and 
blow off excess water from slide. Bring direct to absolute alcohol, 
and after clearing in xylol, mount in Canada balsam. For details 
of frozen section technique see §§ 221 et seq. 

In many tissues mitochondria can be demonstrated as well as 
dye droplets by staining sections with Hollande’s iron carmine 
(see §§ 228, 251 ). Ludford has employed this method in the study of 
intra-vitmn staining of liver and kidney cells {Proc. 
ciii, 1928, p. 288). Stain sections for a minute or less in 
the carmine solution. Blacken them in iron alum, and if 
necessary leave in this solution till they are sufficiently differen- 
tiated. Wash in running water. Dip in pyridine, and wash again 
in running water. Dehydrate, and mount in Canada balsam. In 
successful preparations the mitochondria are dark brown, and 
the trypan blue droplets bluish-black to pale blue. 

{b) Paraffin Sections. Trypan blue can be retained in paraffin 
sections after fixation by various methods. Thus tissues can be 
fixed in 5 or 10 per cent, formalin, concentrated sublimate solution, 
or in mixtures of these two (8*5 parts of saturated corrosive sub- 
limate to 1 part of 40 per cent, formalin). The potassium 
bichromate technique of Altmann for demonstrating mitochondria 
has also been successfully employed. Pfuhl {Zeit. f. Zellforsck., 
xiii, 1931, p. 783), who investigated the action of a large number 
of fixatives on tissues vitally stained with this dye, came to 
the conclusion that Heidenhain’s ‘‘ Susa ” gave the best results. 
This fixative is best made up fresh, as described in § 93. 

The amount of sublimate precipitated in the tissues is very 
slight, so that it is usually unnecessary to employ any methods 
for removing it. The treatment of vitally stained tissues, or of 
sections of such tissues, with iodine dissolved in alcohol, for the 
purpose of removing sublimate should be avoided as the vital 
staining is seriously impaired. 

After fixation, which should vary from one to twenty-four 
hours, according to the size of the pieces, they are transferred 
direct to 80 or 90 per cent, alcohol which should be changed 
several times. 
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{c) Staining of Sections. The various carmine stains are specially 
suitable for staining sections. Ludford (10^^ Sci. Rep. Imp. 
Cancer Res. Fd., 1982, p. 169) recommends Rawitz’s carm-alum, 
made up as described in § 242. Progressive staining is desirable 
so as to avoid the necessity for using acid fluids in order to 
differentiate. 

622. Golgi Apparatus and Trypan Blue Staining. Jasswoin 

/. ZellfoTSch., ii, 1925, p. 741), Nassonow (ibid., in, 1926, p. 472), 
^Makarov (Arch. Russes d'Anat., d^Hisi. et d'EmbryoL, v, 1926, 
p. 157) and Glasunow (Zeit. f. Zellforsch., vi, 1928, p. 773) have 
described a topographical relationship between the Golgi apparatus 
and dye droplets in a variety of cells. Ludford (loc. cit., 1928) 
was able to demonstrate the Golgi apparatus in vitally stained 
kidney cells by the modified Mann-Kopsch method. Small pieces 
of the vitally stained kidney were cut up with a sharp knife and 
fixed overnight in corrosive-osmic solution. Then washed for 
one hour in repeated changes of distilled water. The material 
was then transferred to 2 per cent, osmic acid, and kept in an 
incubator at 85° C. for two-and-a-half days : repeatedly washed 
with warm water, and incubated a further day in distilled water 

This method gave good results with kidney cells, but was not so 
satisfactory with liver cells. However, it was found possible to demon- 
strate trypan blue droplets in the latter by counterstaining sections 
with neutral red. 

623. Vital Staining with Trypan Blue in vitro. Tissue cultures 
can be vitally stained either by adding the dyestuff to the medium 
employed for explanation, or by adding the dye in solution to 
cultures after growth is well advanced. The dye is usually applied 
in a 0*5 per cent, solution in Ringer solution, or distilled water. It 
should be applied by means of a finely pointed pipette. To each 
coverslip culture add a small drop, just sufficient, on diffusion, to 
tint the medium a pale blue colour. Before fixation, wash the 
cultures with Ringer solution. Fixation in “ Susa ” for ten to 
twenty minutes followed by staining in Rawitz carmalum(see§242) , 
for two to four minutes usually gives good preparations. 

For routine method of fixing and staining vitaUy stained cultures 
see Dunn /. Ze?Z/orsc/i., xvi, 1934, p. 361). 

624. Vital Staining with Pyrrol Blue (Is?amine Blue), This 
dyestuff was largely used by Goldmann, but has been superseded 
by trypan blue, which he also introduced as a vital stain. It is 
deposited at the site of subcutaneous injections, and then goes 
slowly into solution again giving rise to a general vital coloration. 
For vitally staining mice, 0*5 to 1-0 c.c. of a 0-5 or 1*0 per cent, 
solution of the dye should be employed. It is difficult to retain 
in fixed preparations. 
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Cafpell (J. Path. Bad., xxxii, 1929, p. 595) recoiiimeiids Zenker’s 
fluid as tlie best fixative, but dehydration must be rapid, and the 
weaker alcohols avoided as much as possible. Bouin’s fluid can be used 
for fixing spread tissues and fox cellular exudates. 

625. Staining with Vital New Red. This dye is a good vital 
stain, and is less toxic than trypan blue, but it has the dis- 
advantage of being much more difficult to retain in fixed pre- 
parations. It. is a convenient dye to employ in double-staining 
experiments with trypan blue, when only examination of the# 
living tissues is intended. 

Methods of Staining and Amounts to Inject. Inject either 
subcutaneously, intraperitoneally or intravenously. Mice (per 
20 grm. body weight) : 0*5 to 1-0 c.c. of a 1 per cent, solution 
daily. Rabbits (per 1,000 grm. body weight) : 5 c.c. of a 5 per 
cent, solution. Guinea-pigs (per 100 grm. bodyweight) : 2 c.c. of 
a 2*5 per cent, sohition. 

Fixation. The dye dissolves in the lower alcohols, but not in 
absolute alcohol, which may therefore be employed as a fixative. 
Cappell {loc. cit., 1929) recommends corrosive sublimate solution, 
and states that Zenker or Bouin also are satisfactory with some 
tissues. 

626. Staining with Diaminefast Scarlet. This is another 
suitable dyestuff to employ for double-staining experiments with 
trypan blue. It has the advantage of being retained well in fixed 
preparations. For mice (per 20 grm. bodyweight) inject 0*5 to 
1*0 c.c. of a 1 per cent, solution, either subcutaneously, or intra- 
peritonealiy, and for rabbits (per 1,000 grm. bodyweight) inject 
20 c.c. of a 5 per cent, solution. 

According to Cappell (foe. cit, 1929) the best fixatives are Bouin 
and corrosive-sublimate. 

627. Staining with Carmine. Lithium carmine has the advantage 
of being well retained after fixation, and resists solution by the 
alcohols used for dehydration. It is, however, rather more 
poisonous than trypan blue. The best method to administer it is 
by intravenous injections. 

(i.) Preparation. (1) Dissolve 2*5 grm. of carmine in 100 c.c. 
of a saturated solution of lithium carbonate. (2) Boil ten to 
fifteen minutes on a water-bath. (3) Filter immediately before 
using — ^^filtration through a Berkefeld filter will ensure sterility. 

(ii.) Intravenous Injections. With mice, injections should be 
made into the tail vein. It is advisable to dilute the stock solution 
to 20 per cent., and to commence by injecting 0*2 c.c. “ 

Repeated injections are necessary, and should be made daily 
if the condition of the animals will allow. The amount of the dye 
injected may be increased with later injections. A general vital 
staining is attained after five to eight days. 
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Rabbits may be given 10 c.c. of a 10 per cent, solution daily. 

(iii.) Fixation. Tissues can be fixed in 10 per cent, formalin in 
normal saline, and frozen sections cut and stained with Harris’s 
hsematoxylin. By careful staining with Hollande’s iron-carmine 
method (see §§ 228, 251) it is possible to demonstrate mitochondria 
together with the carmine granules. 

For paraffin sections tissues are usually fixed in 85 to 95 per 
cent., alcohol, 10 per cent, formalin, or in corrosive sublimate. 
Formal-sublimate (8-5 parts of saturated sublimate to 1 part of 
40 per cent, formalin) has also been employed. Iodine for the 
removal of sublimate from sections must be employed with 
extreme care, or decoloration will ensue. Suitable stains for 
sections are Mayer’s haem-alum, methylene blue or Pappenheim’s 
methyl green and pyroninine. Chrome-osmic methods (Altmann 
and Schultze) for the demonstration of mitochondria have been 
successfully employed with tissues vitally stained with carmine. 

628, Vital Staining with Carmine in vitro. Carmine is frequently 
employed for vitally staining tissue cultures. Small drops of a 20 
per cent, solution of the stock solution should be applied to cultures 
in the same manner as with trypan blue. They can be fixed in 10 
per cent, formalin in saline, and stained with Harris’s hsematoxylin 
or Mayer’s hsem-alum. 

629, Other Acid Dyes Suitable for Vital Staining. Other acid dyes 
stated by von Mollendorff to be suitable for intra-vitam staining are 
trypan red, dianil blue, cimiebar scarlet G, brilliant congo G, Hessisch 
brilliant purple, vital new orange. Baker {Nature^ cxlvii, 1941, p. 744) 
recommends chlorazol black E as a vital stain for the reticulo -endothelial 
system. A suspension of the dyestuff in distilled water (I’O per cent.) 
is brought to near boiling-point, cooled, and then injected subcutaneously 
into mice in doses of 1-0 c.c. Injections can be given daily for a week, 
and tissues fixed in Zenker’s fluid, twenty-four hours after the last 
injection. Safranin and orange G are suggested for staining sections. 

630, Staining with India Ink. This is particularly suitable for 
demonstrating the phagocytic properties of cells. It should be 
injected intravenously. 

(i.) Preparation. (1) Dilute the India ink (Higgins’ is usually 
employed) 10 to 50 per cent, with distilled water. 

(2) Filter through two thicknesses of ordinary filter paper to 
remove the coarser particles. 

(3) Boil ten minutes to sterilise. 

(ii.) Intravenous Injections. Cappell {loc. cit., 1929) recom- 
mends for mice (20 grm. per bodyweight) 0*4 c.c, of a 10 per cent, 
dilution, and for rabbits (1,000 grm. per bodyweight) 2 c.c. of a 
50 per cent, solution. 

(iii.) Fixation. Since the ink particles are insoluble, any good 
fixative can be used. In double staining with trypan blue, 
“ Susa ” fixation, followed by staining with Rawitz carmine, is 
recommended. 
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(iv.) For Tissme Cultures. The addition of dilute India ink to 
tissue cultures is a convenient method for investigating the 
phagocytie properties of cells in vitro. When used with trypan 
blue it affords a means of distinguishing between phagocytosis 
and segregation (Ludford, loc, cit, 1933). 

631. Iron Compounds as Vital Stains. Iron compounds for 
cytological studies have been employed amongst others by 
Okk^ls {Arch. f. exper. Zellforsch., viii, 1929, p. 432), Cappelu 
{loc. cit.i 1929), Chlopin (Zeit.f. Zellforsch., id, 1930, p. 316), and 
Makarov (ibid., xix, 1933, p. 28). Saccharated oxide of iron is 
regarded by Cappell as the most useful of all the suspensoids for 
vital staining. He recommends a 10 per cent, solution by weight 
in distilled water. This should be boiled to sterilise. 

Intravenous Injections. For mice, 0*3 c.c. of a 10 per cent, 
solution to start with, and with later injections the amount can 
be increased according to the tolerance of the animals. For 
rabbits, 5 c.c. of a 25 per cent, solution by weight (Cappell, loc. cit., 
1929). 

Fixation. Twenty per cent, formalin, or absolute alcohol. 
Some workers employ a mixture of these two reagents. 

Demonstration of the Iron in Sections. Either the Prussian 
blue reaction with potassium ferrocyanide and hydrochloric acid, 
or the Turnbull blue method with ammonium sulphide followed 
by acidulated potassium ferricyanide (see § 705). Sections can 
then be stained with alum-carmine or para-carmine. 

PART III. VITAL STAINING WITH BASIC DYES. 

632. Vital Staining of the Nucleus. There is a general consensus 
of opinion that the nucleus does not stain under normal conditions 
of metabolic activity, but some basic dyes, such as methylene 
blue, stain nucleoli faintly, without killing the cells. According 
to Russell {J. Expt. Med., xx, 1914, p. 545) gentian violet stains 
the nucleus and chromosomes of embryonic and adult tissues of 
the frog, in tissue cultures. He employed this dye in dilutions of 
1 in 4,000 to 1 in 20,000 added to the culture medium. Staining 
of the nucleus has been described under abnormal conditions of 
metabolism, e.g. under anaerobic eonditions, and also in a state of 
acidosis (see § 619). 

633. Vital Staining of Mitochondria. Janus green is most 
extensively employed for the vital staining of mitochondria. 
According to Cowdry (^m. J. Anat, xix, 1916, p. 423) its action 
depends upon the presence in its molecular structure of the 
diethylsafranine group, and this alone is capable of staining 
mitochondria. Other dyes containing the same group, and 
possessing the same properties, are Janus blue, Janus black and 
Janus grey. A good preparation of the dye is essential for the 
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best results. That of Hochster Farbewerke is generally recom- 
mended. There is conflict of opinion as to whether mitochondria 
can be stained with these dyes without cellular injury, but 
CowDRY {Inter. Monatschr, Anat Fhys,^ xxxi, 1914, p. 267) 
observed neutrophile leucocytes with vitally stained mito- 
chondria performing amoeboid movements, and phagocytosing 
foreign particles. The Janus dyes are employed in concentrations 
of 1 in 10,000 to 1 in 500,000 in physiological saline. The latter 
dilution according to Cowdry {Amer. Nat., lx, 1926, p. 157) will 
stain mitochondria of human lymphocytes selectively. 

634. Methods for Staining Mitochondria with Janus Green. 
Supravital (§ 334). Tease out small fragments of tissue in saline 
in a small Petri dish. Draw off saline with pipette, and replace 
with a shallow layer of the dye solution to 

place the lid of the dish. With tissues of homoiothermal animals 
place in incubator at body temperature for ten to twenty minutes, 
and then mount for examination in saline. 

Supravital staining on prepared slides is especially recom- 
mended for isolated cells, such as those of the blood and bone 
marrow. 

SCOTT’S method {Anal. Rec., xxxvii, 1928, p. 233) is carried out as 
follows : 

Preparation of the Slides. — (i.) Prepare a 1 per cent, solution of the 
dye in absolute alcohol, and filter after an hour to remove any undis- 
solved dye. (ii.) Employing a pipette with a bore of approximately 
1 mm., allow three drops of the dye solution to fall on one end of each 
of several cleaned slides, (iii.) Smear along the length of each slide 
with the edge of another slide, as if making blood smears. The alcohol 
evaporates, leaving a fine, even film of the dyestuff. 

Method of Staining, — (i.) Warm the prepared slides and some cover- 
slips in the incubator, (ii.) Apply small drops of blood, or suspension of 
cells, in saline to prepared slides and cover immediately with the warmed 
cover-glasses. Press gently to spread the drops and seal the edges of 
the cover-glasses with melted vaseline. Cells of compact tissues can be 
stained by cutting the latter with a sharp knife, and pressing the cut 
surface gently on to the prepared slide, then adding a small drop of 
saline, and applying a cover-glass, (iii.) Examine if possible in a 
warm chamber (37° C.) or on a warm stage, otherwise it is usually 
necessary to place the slides in an incubator for a few minutes. 

Fixation of the Vital Staining, (i.) Wipe vaseline from the edge 
of the cover-glass, (ii.) Remove cover-glass by sliding it towards 
the nearest edge of the slide. This helps to spread the cells evenly and 
permits of permanent preparations being made from both cover-glass 
and slide, (iii.) Dry cover-glass and slide quickly in the air. Rapid 
drying is essential to avoid distortion of the cells, (iv.) Complete drying, 
if necessary, in a vacuum desiccator for two to four hours, or by shaking 
in several changes of anhydrous ether. Treatment with ether is parti- 
cularly recommended with bone marrow, in order to remove fat as well 
as moisture, (v.) Clear in xylol, and mount in balsam. 

Intra-vitam Staining, Inject solutions of the dye in dilutions 
of 1 in 20,000 to 1 in 50,000. After ten to thirty minutes 
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kill the animal, and tease out the tissues in saline. Some authors 
recommend exposing the tissues to the air for a minute or two 
before laying on the coverslip. 

Staining by Perfusion. Kill the animal and inject the dye 
solution in a dilution of 1 in 15,000 in isotonic salt solution, 
through the aorta. Then remove tissues and transfer to saline 
at room temperature (Bensley, Am. J. Anat.f xiii, 1911-12, 
p. 297). 

635. Staining with Janus Green in vitro. Tissue Cultures. With 
cover-glass cultures, raise the coverslip, and fill the well of the 
hollow slide with the dye solution. Strangways (Cambridge, 1924) 
recommended 1 in 40,000 dilutions. The culture can be transferred 
to the incubator for five to ten minutes, but is best examined 
under the microscope on a warm stage, or in a box maintained at 
body temperature. 

636. Fixation of Vitally Stained Mitochondria. No method has 
yet been devised which is generally applicable to cells vitally 
stained with Janus green, or the other Janus dyes. Temporary 
fixation of the dye is possible in isolated cells, or in cells growing 
in tissue cultures, by Lewis method {A?ner. J. Anat., xxx, 1922, 
p. S9), With tissue cultures Lewis advises raising the coverslip 
and placing a small flake of iodine at the bottom of the well of the 
hollow slide. With isolated cells teased out on a slide, a few 
flakes of iodine are heated in a small test-tube, and the iodine 
vapour allowed to come in contact with them by tilting the test- 
tube. By this method the vitally stained mitochondria lose 
their colour, becoming dark brown in appearance, but are well 
preserved temporarily. 

637. Staining of Mitochondria with Other Basic Dyes. 

Ludford {Arch. /. exper. Zellforsch., xvii, 1935, p. 339) has 
pointed out that mitochondria can be well stained with methylene 
blue, especially in cells of tissue cultures. This staining can also 
be temporarily fixed by the iodine vapour method of Lewis (see 
above). For vitally staining cultures proceed as described above 
for staining with Janus green, employing methylene blue in a 
dilution of 1 in 10,000 in Ringer solution for four to eight minutes. 
For intra-vitam staining, inject 0*5 per cent, solution in Ringer 
solution, and kill animals after fifteen to thirty minutes. For 
supravital staining, incubate teased tissues in a 1 in 10,000 dilution 
in Ringer solution, for fifteen to thirty minutes. 

Mitochondria vitally stained with this dye are rapidly de- 
colourised on exposure to bright illumination, which also inhibits 
the staining process. 

Other basic dyes which have been found to stain mitochondria 
of some cells are toluidine blue and brilliant cresyl blue. 

638. Vital Staining and the Golgi Apparatus. Methylene blue 
and neutral red have been claimed to stain the Golgi apparatus 
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vitally. For iieiitral red see J. Morph,, 1937, and also Bowen’s 
review [Anat. Record, xxxviii, 1928). For recent work on metiiy- 
lene blue by the Worleys refer to §§ 380, 891. It is certain that 
in many cells, both neutral red and methylene blue collect in the 
region of the Golgi apparatus. There is still no consensus of 
opinion as to whether there is a vital dye for Golgi bodies as 
it is agreed that Janus Green stains mitochondria in various 
types of cells in different animals. Investigations along these 
lines will be greatly helped by the phase contrast microscope 
(§ 893) and the ultra- centrifuge § 942. In fibroblasts growing in 
tissue cultures Ludfoed {loc, cit,, 1935) found that by staining 
with methylene blue it was possible to demonstrate the Golgi 
apparatus as a colourless reticulum against the blue stained 
cytoplasm. 

639. The Staining of Cytoplasmic Granules and Vacuoles. 
Neutral red is one of the best dyes for this purpose. Aquatic 
animals, e,g, tadpoles, can be stained by keeping them in weak 
solutions — 1 in 200,000, or less. With stronger concentrations 
staining is more rapid, but segregation of the dye may occur. 

The various methods of staining with Janus green (see §§ 334, 634) 
are also applicable to neutral red. Neutral red is frequently used 
together with Janus green. Mitochondria are then stained with 
the latter, and vacuoles and granules with the former. A mixture 
of neutral red and methylene blue has been found to give similar 
results. A temporary fixation of the staining is possible with the 
iodine vapour method of Lewis. 

Supravital. Use dilutions of 1 in 20,000 to 1 in 50,000, or less. 
For staining blood, bone marrow and isolated cells, prepare 
slides as described in § 850, employing neutral red in a 1 per cent, 
solution in absolute alcohol. For double staining, with Janus 
green, mix 1 per cent, alcoholic solutions of the dyes before 
applying to the slides. 

Intra-vitam. For staining connective tissue ceils, inject 
solutions of 1 in 50,000, or less, in saline, subcutaneously. Kill 
animals and remove tissues for exammation after ten to twenty 
minutes. 

In order to stain pancreas and liver cells of small laboratory 
animals stronger solutions are usually injected intraperitoneally. 
Small injections at intervals of thirty minutes, or 1 c.c. of a 0*5 

per cent, solution have been employed. 

In Vitro. Solutions of 1 in 50,000 to 1 in 100,000 in saline 
usually give the best results. For the coverslip method of staining 
blood and Protozoa, see under “ Blood,” § 850. This is Simpson’s 
method.',' 

In Sea Water. Traces of dilute solutions in sea water of brilliant 
vital red, Nile blue sulphate B, and brilliant cresyl violet stain the 
blastulse of Sycandra setosa and Leucandra aspersa. Particularly 
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with brilliant cresyl violet, one obtains striking colour differences 
(from blue to red) in the different cells of the blastulse. These 
colour differences are ascribed to differences in pH of the cyto- 
plasm (J. Speck, Protoplasma, 30, 1938). 

640. Preservation of Neutral Red Staining. The preservation of 
neutral red staining presents considerable difficulties. Most of 
the methods which have been described have a limited range of 
application. Ludford (Proc. E. S. B., cvii, 1930, p. 101) has 
employed Gardener’s method for cytological work (Proc, Soc. 
Expt. Biol, Med., xxiv, 1926, p. 646), making up the fixative as 
follows : — 

43 c.c. of Zenker’s fluid (without acetic acid). 

7 c.c. of formol to which 2 drops of normal NaOH have been 
added. 

Gardener’s Technique. (1) Fix for twenty-four hours. (2) Cut 
up tissues into small blocks, not more than 2 mm. in thickness, and 
transfer to fresh Zenker’s fluid (without acetic acid). (3) Commence 
dehydration any time within the next two days by washing for fifteen 
minutes, then blot the small blocks of tissue. (4) Transfer to 80 per 
cent, alcohol for ten minutes. (5) Pass through graded mixtures of 95 
per cent, alcohol and benzene in the following proportions : 9 : 1, 8 : 2, 
7 : 3, 5 : 5, 3 : 7, 2 : 8, and 1 : 9, leaving ten minutes in each. (6) Clear 
in benzene, one or more changes for an hour or two. (7) Imbed in 
benzene saturated with wax at 37° C. for an hour, followed by paraffin 
at 56° C. (four changes in thirty minutes). Sections can be mounted 
unstained or counterstained with Harris’s hsematoxylin. 

Sakae Saguchi’s, Cytological Studies, Kanazawa, 1949. 
Method I. Cut into 2 mm. blocks. Fix at 6° C. in 3 per cent. 
Kg Cr2 O7 in 0*5 per cent. NaCl 10 c.c., neutral formol (CaCOa) 10 
drops, for one day. Rinse for one minute in aq. dest. Transfer 
to mixture II ; 5 per cent, ammonium molybdate solution in 0*5 
per cent. CaClg 10 c.c., formol neutralised in CaCOg four drops ; keep 
at 20° C. for one day. Wash in aq. dest. five minutes. Blot pieces, 
dehydrate in three changes of dioxan, or neutralised acetone, for 
two and one half hours : then three changes of xylol for same 
period, wax imbedding for two to three hours. Mount with 
albumen-glycerine water, on cover glasses. Remove wax in 
xylol, then dehydrate in acetone (use heated CaCl2) change three 
times for ten minutes. Wash in aq. dest. for two minutes, stain 
in 0*05 per cent. aq. methylene blue for twenty seconds. Blot, 
transfer to acetone for ten minutes, xylol, balsam. Method II. 
Fix blocks in 1 per cent. OSO4 12*5 c.c., 1 per cent, platinum 
chloride, four drops, for one day at 6° C. Aq. dest. for one minute. 
Transfer to the ammonium molybdate, above, for two days : 
further treatment as above. In Method I, neutral red granules 
bright red, Method II, greyish red. T. A. Moussa in the Dublin 
laboratory has found these methods excellent. 
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641. Silver Impregnation Method of Yamasaki {Arbeit amat 
Institut kaiserlich,-jap, Univer, Sendai, xv, 1933, p. 7). According 
to Yamasaki neutral red droplets after fixation in alkaline-Miiller- 
formalin are argent opliile, while trypan blue droplets are not 
{ibid,, XV, 1933, p. 19). He demonstrates neutral red droplets by 
the following method : — 

(1) Fix in Muller’s fluid, 18 c.c. ; formalin, 2 c.c. ; 40 per cent. 
KOH, 8 drops — for twelve to twenty-four hours. (2) Wash with 
repeated changes of distilled water for twelve to twenty-four hours. 

(3) Transfer to 0-75 per cent, silver nitrate solution for twenty-four 
hours. (4) Wash in distilled water, then reduce for twenty-four hours 
in hydroquinone, 1*5 grm. ; formol, 5 c.c. r distilled water, 100 c.c. 
(5) Wash rapidly and dehydrate in alcohols and imbed. Sections 
should be rapidly difierentiated in a 5 per cent, watery solution of 
sodium thiosulphate. Then well washed and stained with alum 
carmine. 

642. Hu’s Technique {Proc, Soc, Expt. Biol. Med., xxix, 1931, p. 258). 
He has taken advantage of the fact that neutral red is only slightly 
soluble in aqueous or alcoholic solutions containing corrosive sub- 
limate, and devised the following technique. Four solutions are first 
prepared i 

(A) The fixing solution. Dissolve a little neutral red in 15 c.c. of 
40 per cent, formalin in a flat dish. Add 85 c.c. of Zenker’s fluid. Stir 
with a glass rod and filter off the precipitated dye. 

(B) Dehydrated solution. To 100 c.c. of absolute alcohol add 12 c.c. 
of the same reagent saturated with HgClg, then sufficient neutral red 
until some of it remains undissolved at the bottom of the bottle. 

(C) Aqueous solution. To 100 c.c. of distilled water add 2 c.c. of a 
saturated aqueous solution of HgClg, and then saturate with neutral 
red. Filter. 

(D) Counterstaining solution. Saturate some of solution (C) with 
methylene blue. Filter. This must be prepared fresh each time it is 
required. 

Method of Procedure, — (1) Fix in solution (A) blocks of tissue about 
1 c.m. square and 3-4 mm. thick for twenty-four hours. (2) Dehydrate 
in three changes of solution (B), one or more hours each time, according 
to the size of the pieces. (3) Clear in two changes of xylol, three to four 
hours in each. (4) Imbed in paraffin and mount sections in the usual 
manner, after removing W'ax with xylol. 

Counterstaining Sections. -~~{1) Remove wax in xylol. (2) Wash off 
xylol with solution (B). (3) Wash off alcohol rapidly with solution (C). 

(4) Stain in solution (D) for about thirty seconds. (5) Remove excess 
of stain with solution (C.). (6) Dehydrate with solution (B). (7) Clear 
in xylol and mount. 

T. Snook’s Method for Preservation of Trypan Blue and Neutral 
Red within the Cells of Loose Connective Tissue {Stain Tech., 
vol. 14 , 1939 ). Tr 3 rpan blue granules within the histiocytes and 
neutral red stained granules within the mast cells of the same 
areolar tissue spread, can be preserved in their original coloured 
state by the following method ; fix in 10 per cent, formalin for 
twelve to twenty-four hours ; rinse in distilled water ; place in 
two changes of dioxan for five to ten minutes each ; mount from 
the second dioxan using diaphane dissolved in dioxan as a mounting 
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medium, or clear in xylol and mount in halsam. No dye is lost, 
and no cellular distortion occurs. Fast green may be used as a 
counterstaixi. 

643. Demonstration of New Formations in the Cytoplasm of 
Ceils after Neutral Red Staining. The Krinom. After intense 
staining with neutral red, a substance is formed which Chlopin 
has called the Krinom. It can be demonstrated by fixation in 
Helly’s fluid (Zenker-formol) and counterstaining with thionine 
or eosin-azure. With the latter staining it appears blue against 
the pink background of the cytoplasm. 

Ludford {Froc. R. S, R., cviii, 1931, p. 270) has demonstrated 
the same formations by fixation in Champy’s fluid, bleaching 
section in hydrogen peroxide (1 part of H 2 O 2 to 4 parts of 80 per 
cent, alcohol), and then counterstaining with acidulated neutral 
red (see § 919). 

644 . Other Basic Dyes for Staining Cytoplasmic Vacuoles and 
Granules. Other dyes which may be employed, and stain 
similarly to neutral red, are neutral violet, brilliant cresyl blue, 
Nile blue sulphate, Bismarck brown, Nile blue chlorhydrate, 
toluidine blue and thionine. They can be supplied to cells in the 
same way as neutral red. 

O. Bank and A. Kleinzeller {Arch, exper. Zellforsch., 21, 1938), 
used crystal violet 1 in 200,000, to 1 in 2,000,000, on living chick fibro- 
blasts in isotonic sodium chloride, and also sodium sulphate and mag- 
nesium chloride. Nuclear staining was well marked during telophase. 

645 . The Staining of Fat Droplets. Fat can be stained by 
feeding animals with food to which a fat soluble dye, such as 
Sudan III., or scarlet R, has beexi added. The dye may be 
dissolved in olive oil, and this mixed with dry food, or the dye can 
be well mixed with fatty foodstuffs. Solutions iji alcohol and 
acetone have been injected directly into animals (see Hadjioloff 
and OuzouNOFF, Compt rendns, cxiii, 1933, p, 1501). Ludford 
(11^/i Sci. Rep. Imp. Cancer Res. Fd., 1934, p. 169) has devised a 
method of vitally staining fat by employing ‘‘ solutions ” of Sudan 
III. and Sudan black in serum. The method of preparation is as 
follows : A small quantity of the dye is added to freshly-prepared 
serum contained in a small test-tube, provided -with a tight-fitting 
rubber stopper in order to prevent loss of CO 2 . The test-tube is 
vigorously shaken from time to time and kept in a warm place. 
Within twenty-four to forty-eight hours the serum becomes 
coloured. It is then centrifuged and the coloured transparent 
fluid pipetted off. This is relatively stable, and can be used for 
intra-mtam or supravital staining, or for staining cells in tissue 
cultures. 

The basic dyestuff Nile blue which is soluble in water, as well 
as in lipoid solvents, has also found employment for the staining 
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of fatty compounds. According to Lison x, 1933, 

p. 237 ; ibid,, xii, 1935, p. 279) the blue staining with this dye is 
of no histochemical significance, but the rose coloration signifies 
the presence of an unsaturated glyceride (trioleine). It is not 
possible to distinguish between different classes of fatty com- 
pounds by vital staining. 


FART IV. SPECIAL METHODS 

646. Vital Staining with Leucobases. Roskin and his collaborators 
(Roskin and SEMENorF, Zeit, f, Zellforsch,, xix, 1933, p. 150 ; 
Roskin and Maslowa, Zeit. f, wiss, Mikros., lii, 1935, p. 309), 
have described a technique for vital staining with leucobases of 
certain basic dyes. Their method of preparation is as follows : 
To 100 c.c. of 0*01 per cent, dye solution are added 1 to 2-5 c.c. 
of N/10 sodium hyposulphite and 1 to 4 c.c. of N/10 HCl. The 
mixture is well stirred with a glass rod and kept at room tem- 
perature in the dark. According to the dyestuff and the con- 
centration of the reagents employed, colourless leucobases are 
formed in from two to twenty-four hours. They resist oxidation 
by atmospheric oxygen, but are re-oxidised if the medium is made 
alkaline or exposed to daylight, especially to direct sunlight. 
Leucobases have been prepared in this way from methylene blue, 
azure 1, thionine, toluidine blue and brilliant cresyl blue. Mixtures 
of two leucobases can be employed, e.g, of thionine and azure 1. 
Staining is carried out by adding one or two drops of the leucobase 
to cells contained in a drop of physiological saline. The method 
is described as being suitable for differentiating between different 
types of cells and for the study of oxydation-reduction processes. 
Roskin and his co-workers have described the reaction of many 
different kinds of cells to these leucobases, e.g. mast cells of the 
frog when treated with a mixture of the leucobases of thionine 
and azure 1 acquire a light blue coloration of their nuclei, rose- 
coloured cytoplasm and an intense red coloration of their 
granules. See also, Roskin {Arch. Buss. Anat. Hist. Embry., 
16,1937). 

647. Indirect Vital Staining. Kabczag and Paunz {Deut. med. Woch., 
xlix, 1923, p. 1231) introduced a technique which they termed 
“‘indirect vital staining.” Dyestuffs (fuchsin S, light green, water 
blue) are injected subcutaneously in 2*5 per cent, solutions in saline. 
Rabbits receive in the course of a day 5 grm. of fuchsin, 3 grm. of light 
green and 4 grm. of water blue. Tissues may be fixed in formalin and 
frozen sections cut, or fixed in a mixture of formalin and acetic acid 
and dehydrated and imbedded as soon as possible. The sections are 
faintly coloured or colourless, as the dyes are changed to colourless 
carbinol compounds. They are converted to the coloured forms by 
treating sections for several hours with 0*1 per cent, HCl. 
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648. Staining of Intercellular Structures. The matrix of growing 
bone can be stained by feeding young growing animals with 
madder or with alizarin. Gottlieb (AnaL Anz., xlvi, 1914, 
p. 179) injected 1 per cent, solutions of sodium alizarin sulphonate 
in saline or Ringer solution. The free calcium salts of the new- 
forming bone are stained, but not the cells. 

Some staining of the elastic fibres of connective tissue occurs 
with trypan blue. For staining amyloid, Congo red has been 
employed. 

649. Vital Staining as a Method for Investigating the pH of Cells. 
Rous {Journ, Expt Med., xli, 1925, pp. 379, 451, 739) has employed 
litmus and the phthaleins for studying the pH of the tissues. 
With litmus the vacuoles of macrophages stain red, thus indicating 
their acid character. Nassonow (Zeit. f. Zellforsch., xi, 1930, 
p. 177 ; Protoplasma, xv, 1932, p. 239) has devised a technique 
for studying intracellular pH using neutral red and other basic 
dyes. Chambers (Proc. Soc. Expt. Biol. Med., xxvii, 1930, p. 809) 
found that methyl red vitally stained cells when the pH of the 
surrounding medium was definitely below 6*0. For investigating 
intracellular hydrogen ion concentration the micro-injection 
technique is particularly useful. For references to papers by 
Chambers and his collaborators, see Chambers and Ludford 
{Proc. B. S. B., cx, 1932, p. 120). 

650. Vital Staining as a Method for Investigating the Mechanism of 
Mitosis. Aberrations of mitosis are brought about by vital staining. 
According to von Mollendorff {Zeit. f. Zellforsch., xxiii, 1936, p. 746) 
neutral red in a concentration of 1 in 200,000 interferes with mitosis in 
tissue cultures. Politzer {Biochem. Zeit., cli, 1924, p. 43) found that 
a concentration of 1 in 150,000 resulted in a decrease in the number 
of mitoses in epidermal cells of salamander larvae after two hours, 
and there were many ‘‘ pseudo-amitoses.” Nile blue had a similar 
action. Auramine and brilliant cresyl blue arrested mitosis at liieta- 
phase. Ludford {Arch. f. esspt. Zellforsch., xviii, 1936, p. 411) found 
that auramine had a similar action in vitro, preventing the formation 
of the mitotic spindle. 

Vital staining with methylene blue affords a means of demonstrating 
cells in division in tissue cultures, since dividing cells do not stain so 
intensely as “ resting ” cells (Ludford, Arch. f. expt. Zellforsch., xvii, 
1935, p. 339). 


PART V. LITERATURE 
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CHAPTER XXVI 


ANIMAL CHROMOSOMES, NUCLEOLI AND 
CENTROSOMES 

Part I* 

651. Study of Living Animal Ceils. See also Chapter xxiv, 

§ 592. While tissue cultures offer ideal material for the micro- 
scopical examination of living cells, there are several simple and 
satisfactory methods of preparation which enable excised living 
cells to be observed over periods of hours. The technique 
employed must allow the cells under observation to remain in 
conditions as closely as possible corresponding to those existing 
in the natural state. None is superior to the simple process of 
mounting the cells in the body fluid of the animal from which 
they have been derived, evaporation of this fluid being prevented 
by surrounding the preparation with paraffin oil. Ris {Biol, 
Bull, 85, 1943, p. 164) has recently used this method in his study 
of anaphase movement in the aphid Tamalia. “ Several males 
or parthenogenetic females are dissected in a drop of paraffin oil on 
a cover glass. The testes — or young embryos — ^come to lie in a 
small pool of body fluid surrounded by paraffin oil. The cover 
glass is then inverted over a depression slide. Cells have thus been 
kept alive and normally dividing for more than 10 hours.” Paraffin 
oil appears to be non-toxic to the tissues with which it comes 
into contact in such preparations and has the further merit that 
it is a good solvent for oxygen (§ 610). 

The large fiat cells in the gills and caudal fin of young larvae 
of amphibia may be studied in situ and they have been extensively 
used for the demonstration of mitosis in life. Resting nuclei and 
chromosomes in these cells frequently differ so little in refractive 
index from the surrounding cytoplasm as to be hardly visible 
in the natural state. However this difficulty may be overcome 
if the calcium ion concentration of the water in which the 
larvic are living be slightly increased. Duhyee {Arch, /. exp. 
ZellfoTsch., 19, 1937, p. 171) in his study of isolated germinal 
vesicle nuclei from frogs’ oocytes found the visibility of the chromo- 
somes to be dependent on the presence of calcium ions in the 
surrounding medium. The effect is general. 

If it is not possible to mount excised cells directly in the body fluid 
of the animal from which they have been derived recourse must needs 
be made to physiological solutions (§ 597). However this should be 
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avoided whenever possible since a specific fluid cannot be recommended 
as suitable for all organisms and it is often difficult to arrive at precisely 
the right constitution and concentration for the organism under 
examination. Belaf considered this question in detail in the course 
of his work with the spermatocytes of grasshoppers and a general 
account is given in Methodik der wissenschaftlichen Biologic, i, 1929, 
p. 641. 

Living cells under observation should not become overheated 
by the light source which is being employed. Belak {Arch, 
Entw. Mech, Org., 118, 1929, p. 359) used a tank filled with a 
solution of ferrous ammonium sulphate placed between the light 
and the reflecting mirror of the microscope to absorb heat radia- 
tion. Various heat absorbing glass filters are now available which 
fulfil the same function. 

No intra-vitam stains are suitable for chromosome work on living 
material. 

652. Phase-Contrast or Phase Difference Microscopy. The 
introduction of the phase-contrast system in microscopy, based 
on a principle first elaborated by Zernike, has greatly extended 
the possibilities of studying chromosomes in vivo. Since their 
refractive indices generally differ from that of their surroundings, 
metaphase chromosomes appear dark on a lighter background 
when observed by the phase-contrast method. Moreover, as the 
whole aperture of the objective contributes in forming the final 
image, definition is excellent and depth of focus small. 

The only special requirement of material to be examined by the 
phase-contrast microscope is that it should be thin and pre- 
ferably not more than one cell-layer in thickness (see also § 893). 

653- Ultra-Violet Light Microscopy. The specialised technique which 
falls under this heading has been developed especially by Caspersson 
and is described by hun in detail (J. R, Micr, Soc,, 60, 1940, p. 8). 
Owing to its harmful effects on cellular functions, especially at those 
wavelengths most useful for the examination of chromosomes, ultra- 
violet light has not proved of great value for the examination of living 
material. 


THE FIXATION, STAINING AND MOUNTING OF ANIMAL 
CHROMOSOMES 

654. General Remarks. For the critical study of chromosome 
morphology, fixed and stained preparations are necessary. Three 
main methods are available : — 

(1) Sections, The tissue is fixed, imbedded, sectioned and 
stained. The sections should be cut considerably thicker than 
is usual in histological work, a thickness being chosen such that 
most cells can be examined entire. As a consequence, rather 
special staining techniques are employed. 

(2) Smears. The tissue is smeared on to a glass slide with a 
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flat instrument ; the slide is then inverted and placed in fixative, 
subsequently being stained and mounted as though it carried a 
section. Not all tissues smear satisfactorily, but when this 
method can be employed it offers a number of advantages. Contact 
with the fixative is instantaneous for most of the cells and uni- 
formly good fixation can thereby be achieved. Almost all the 
cells can be examined entire. The method is rapid. 

(8) Squashes, The tissue is tapped out on a slide in a fixative- 
staining mixture, and examined as it lies in the mixture. The 
preparation may subsequently be made permanent if required. 
For some tissues preliminary fixation is advantageous. This 
method is exceedingly rapid and often preferable to all others. 

Metaphase chromosomes are, in general, relatively easy tb fix in a 
life-like state. Unfortunately, however, this statement does not 
hold good for all organisms nor for all tissues. Prophase stages are 
frequently difficult to fix and sometimes this is not possible at aU. 

In the following account an attempt will be made to simplify 
and rationalise where possible. 

655. Fixation for Sections. Material fixed for chromosome 
work by means of sections should be taken from a non-ansesthe- 
tised animal immediately after death. It should be handled as 
little as possible but requires to be neatly divided into small 
pieces no greater than 8 millimetres in any dimension if the intact 
tissue is larger than this rather critical size. The tissue should 
have no fatty materials adhering to it when placed in the fixative. 
It is, however, far better to go straight to the fixative rather than 
to attempt to clean or tease the tissue in saline. 

The most generally useful fixative for sections i$ Flemming’s 
strong fluid with full acetic acid content, § 50. 

This fixative has one disadvantage : it is uneven in its action. 
The outermost cells of the tissue become difficult to stain owing 
to the intensive action of the osmium tetroxide, while the inner- 
most cells are very coarsely fixed by the chromic and acetic acids 
alone. However the intervening layer is generally extremely 
well fixed. Fixation should be for twenty-four hours and must 
be followed by thorough washing, thought it is doubtful whether 
the frequently recommended twenty-four hours’ washing in 
running tap water is really necessary. An hour’s washing in 
three or four changes of distilled water is generally sufficient. 
Another very useful and reliable chromosome fixative is La 
Cour’s 2 BD. (J. B, micr, Soc.y^l^ 1981, p. 119) ; chromic acid, 
1 per cent. 100 c.c. ; Potassium Bichromate, 1 per cent. 100 c.c. ; 
Osmium Tetroxide, 2 per cent. 30 c.c. ‘ Acetic Acid, 5 per cent. 
80 c.c. ; Saponin, 0*1 grm. 

This fluid can give the best possible fixation of chromosomes. 
With some tissues it gives better results than Flemming’s solution, 
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but with others the reverse is unfortunately true. 2 BD should 
be used in the same way as Flemming’s Fluid. 

A third fixative which experience has shown to be very reliable 
is Sanfelice’s Fluid {Ann, Inst, Pasteur, 32, 1918, p. 363). 

Chromic Acid 1 per cent. . . . 16 c.c. 

Formaldehyde 40 per cent. . . . 8 „ 

Acetic Acid, Glacial . . . , 1 „ 

The ingredients should ht freshly mixed before use as they inter- 
act with one another in the course of a few hours. This is an 
excellent chromosome fixative, with the particular advantage 
that materials can be left in it for long periods without detriment. 
Moreover the fixation is even throughout the tissue. One or other 
of these three fixatives will generally be found to give satisfactory 
results with those tissues inherently capable of good fixation. 
Where difficulty is experienced there are a few possible lines of 
approach which may help. 

One possibility is to prefix in Carnoy’s mixture (La Cellule, 
3, 1886, p. 1) of 3 parts ethyl alcohol with 1 part glacial acetic 
acid for a short period (up to one hour) before placing the material 
in a chrome fixative. 

A second is to work with Flemming’s solution in which the 
acetic acid content has been reduced, or alternatively with 
Champy’s Fluid (Arch, d^Anat, micr,, 13, 1911, p. 55) or one of 
its modifications such as Minouchi’s Fluid (Jap, J, ZooL, 8, 
1928, p. 219) 

Chromic Acid, 2 per cent. . . . 5 c.c. 

Potassium Bichromate, 2 per cent. . 15 „ 

Osmium Tetroxide, 2 per cent. . « . 6 ,, 

This last mixture has proved useful for the study of some refrac- 
tory mammalian material. 

A third possibility is to make up the fixing solutions in saline such 
that the supposedly indifferent salts are present in approximately 
isotonic concentration with those of the tissue to be fixed. Baker 
(Cytological Technique, 1945) has gone into this question in detail both 
from a theoretical and practical standpoint. He points out that 
complex salt mixtures are not of any advantage, and that calcium 
chloride is perhaps to be preferred to other salts because of its 
capacity to preserve cell membranes. 

Bouih’s Fluid and its various modifications were in the past 
much used for chromosome fixation. For really critical work they 
are not as good as the fixatives already mentioned and they are little 
used at the present day for chromosome cytology, 

656. Dehydration and Imbedding for Sections. The dehydration 
and imbedding of tissue for chromosome work differs in no way 
from normal histological procedure. However, and this holds 
good for all materials which are to be studied cytologically, 
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transference through the various fluids must be reasonably slow 
if shrinkage and distortion is to be reduced to a minimum. 

A suitable water-alcohol series is the following : 30 per cent., 50 per 
cent., 70 per cent., 90 per cent., 100 per cent. Material should be left for 
about three hours in each of the “ lower ” alcohols , but should remain 
twelve to twenty-four hours in absolute ethyl alcohol including one 
change of liquid during this period. 

Chloroform is as good a clearing agent as any. Benzol is also quite 
satisfactory but xylol should be avoided since it can cause great 
shrinkage. A simple technique ensuring minimal shrinkage consists 
in the graded addition of chloroform to the second absolute alcohol 
stage, so that the material passes through two or three upgrading 
chloroform-alcohol mixtures before encountering pure chloroform. 
This process should last four to six hours. 

The replacement of chloroform by paraffin wax should be equally 
unhurried and for this purpose it is convenient to stand the vessel 
containing the material on the oven-top adding fragments of wax from 
time to time. When sufficient wax has gone into solution the vessel 
should be placed inside the oven until complete evaporation of the 
chloroform has occurred. All of the chloroform must have evaporated 
prior to embedding, but it is equally important that the material 
should not be in hot wax for longer than is necessary. Experience will 
indicate an optimal time, and this should not exceed four hours. 

A normal imbedding procedure should be adopted. Since sections 
for chromosome work are normally cut thicker than those for histo- 
logical purposes, relatively soft waxes can be employed. A 50° C. M.P. 
paraffin wax is generally suitable for temperate conditions but no 
hard and fast rule can be laid down since room temperature at the time 
of section cutting is not always controllable. 

657. Fixation for Smears. All the fixatives used for section 
material can equally well be used for smears. However the dura- 
tion of fixation may — in the case of osmium fixatives must — ^be 
cut down to times of the order of one hour, since no great hardening 
action is required. In order that osmium fixatives should not 
overact on smears and yet produce sufficient rigidity of the 
material, a useful practice is to place the smear in 1 per cent, 
chromic acid solution for an hour or more after it has been removed 
from the original fixatave. 

658. Fixation for Squash Preparations. Although squash pre- 
parations may be made by tapping out fresh tissue in a combined 
fixative-strain without pre-treatment, it is often advantageous 
to fix the tissue beforehand. The best fixative is the three and 
one Carnoy mixture of ethyl alcohol and acetic acid. The primary 
gain from prefixation is a reduction in the affinity of the cyto- 
plasm for stain and thus more brilliant preparations. A further 
advantage is that prefixation hardens the tissue, and the cells 
thereby retain their shape during the process of tapping out and 
squashing. The degree of hardening is dependent on the length 
of prefixation and can be adjusted to suit the requirements of the 
investigator. Thus for studying the distribution of chromosomes 
on the metaphase plate, material should be fixed for six hours or 
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more, whereas for chiasma counts and details of chromosome 
morphology much shorter fixation times are required (of the order 
of fifteen to thirty minutes). 

Fixation for the special Feulgen technique squash preparation 
i will be mentioned elsewhere. 

I 659. Stains for Sections and Smears. The staining procedures 

for sections and smears are identical and may be considered 
together. In the case of material fixed with fluids containing 
osmium tetroxide, a stage of bleaching should precede staining. 
A suitable bleaching fluid, recommended by Darlington and La 
I CouR (“The Handling of Chromosomes,” 1947) is: hydrogen 

peroxide (20 vols.), 1 part ; 80 per cent, ethyl alcohol, 3 parts. 
Material should be left in this fluid for four to twelve hours ; then 
passed rapidly through an alcohol series and thoroughly washed 
in tap water before proceeding to stain. While a very large 
j number of stains have been employed at one time or another for 

work with chromosomes, two stains only will be considered in 
the present account since in the opinion of the author they satisfy 
all the requirements of the cytologist. 

The classical stain for chromosomes is iron hsematoxylin. Its 
advantages are sharpness of differentiation, intensity and dura- 
bility. However it has at the same time a very serious dis- 
advantage, namely its opacity, which makes vertical analysis of 
meiotic chromosomes, by focussing at different levels in the 
section, virtually impossible. Heidenhain’s method, § 278, is 
probably the best, 
f 

The material is first placed for twelve hours in the mordant, rinsed in 
distilled water and then stained for a corresponding period in hsema- 
toxylin. It is then rinsed once more and differentiated in the mordant 
solution until by cursory microscopic examination it can be seen that 
the correct state of differentiation has been reached. After differentia- 
tion the material must be thoroughly washed in running tap water 
i. before proceeding to the final mounting. There are less time-consuming 

methods, but for chromosome work, especially after chrome-osmium 
fixation, the “ long ” method is preferable. 

The modern stain for chromosomes, and it has, in fact, almost 
entirely displaced iron hsematoxylin, is crystal violet or gentian 
vio!et (Newton, J. Linn. Soe. (Bot), 47, 1927, p. 336.) When 
correctly used^ it has all the sharpness of differentiation and 
intensity of iron hsematoxylin ; by contrast it is splendidly 
translucent and thus easy to work “through.” However this 
stain, too, has one serious drawback, in that it fades rapidly. 
Frecautions can be taken to reduce fading to a minimum, but it 
can only be delayed, not avoided. The method is dealt with in 
detail by La Cour (Bot. Eev.^ 5, 1937, p. 241) and also by Baker 
{Cyiological Technique, 1945). Sections or smears are brought to 
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water and stained for about ten minutes in an aqueous solution 
of crystal violet, 0-5 to 1 per cent. The staining solution should 
be boiled and filtered before use. The material is then rinsed in 
distilled water and placed for thirty to forty-five seconds in a 
mordant solution consisting of 1 per cent, iodine and 1 per cent, 
potassium iodine in 80 per cent, alcohol. It is then rinsed in 
95 per cent, alcohol and two changes of absolute alcohol (a few 
seconds in each). Differentiation is controlled in the next fluid, 
clove oil, the slide being agitated to ensure the rapid replacement of 
alcohol carried over from the preceding bath. When a suitable 
stage of differentiation has been reached (thirty seconds to a few 
minutes), the slide is placed in xylol (three changes). As it is 
necessary to get rid of all traces of clove oil, the xylol baths 
should always be used in the same sequence, and they should be 
frequently renewed. Clove oil carried over into the mounting 
medium causes very rapid fading. Faded or poorly stained 
material may be restained without difficulty. 

La Cour has introduced a modification of this technique for 
material which stains poorly with the normal method. The 
sections or smears are passed through mordant solutions of 1 per 
cent, chromic acid during alcoholic differentiation. However for 
animal material this is rarely necessary and then only after 
alcoholic fixation. 

660. Stains for Squash Preparations. The classical staining 
method for chromosomes in squash preparations is Belling’s 
iron-aceto-carmine {BioL 50, 1926, p. 160). The tissue, 

unfixed or fixed by Carnoy’s three and one alcohol acetic acid 
mixture, is placed in a 0-5 per cent, solution of carmine in 45 per 
cent, acetic acid. This stain is made up by adding carmine to a 
boiling solution of acetic acid, agitating the solution while it cools 
and filtering when cold. 

The selectivity of the stain is enhanced by the presence of 
traces of iron and a convenient way to effect this consists in 
teasing the tissue with slightly rusted needles. It would be more 
rational to add a known quantity of ferric acetate to the staining 
solution, but as precipitation of the carmine occurs very readily 
in, the presence of iron it is difficult to guarantee the strength of 
such a solution if it has been standing unused for any length of 
time. 

Differentiation between chromosomes and background is also 
increased by gentle heating over a spirit flame : this also 
appears to soften the material and furthermore helps it to stick 
to the coverglass. 

Intensity of staining is, of corirse, also governed by its duration. 
It is often convenient to add more aceto-carmine two or three 
times before the coverglass is applied and after the coverglass is 
in place it may be advantageous to leave the crushed tissue in 
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contact with an excess of stain before pressure is applied and the 
bulk of the stain removed by filter paper. 

To obtain the best possible aceto-carmine preparations may 
involve a great deal of trial and error. However in the long run 
the technique is unquestionably time-saving, and a well-made 
. aceto -carmine preparation offers certain other advantages. The 
boundary between chromosome and cytoplasm is sharp and the 
chromosomes are generally slightly larger than life-size. 

La Cour has recently introduced two other stains for squash 
preparations, aceto-orcein and aceto-lacmoid (Darlington and 
La Cour, ‘‘ The Handling of Chromosomes,” 1947). Both these 
stains should be kept as 2*2 per cent, solutions in glacial acetic 
acid, boiled and filtered, and the stock solutions can then be 
diluted with water to make 1 per cent, solutions in 45 per cent, 
acetic acid as required. They are used in the same way as aceto - 
carmine though without the addition of iron. Aceto-orcein is 
probably the best available stain for dipteran salivary glands, 
where it may show greater selectivity than aceto-carmine. Aceto- 
lacmoid is valuable for tissues whose cytoplasm tends to stain too 
intensely with aceto-carmine. 

661. Mounting. The mounting of sections and smears stained 
in iron hsematoxylin differs in no way from standard histological 
practice. In the case of crystal violet preparations neutral 
Canada Balsam should be used in order to avoid unduly rapid 
fading. Baker recommends ‘‘ distrene 80 ” (Kirkpatrick and 
Lendrum, J. Path, Bact, 49, 1939, p. 592) for the preservation 
of basic dyes, since this substance, unlike Canada Balsam, main- 
tains a constant pH on keeping. 

There are a number of methods for making permanent mounts 
of squash preparations {e.g. McClintock, Stain Tech., 4, 1929, 
p. 53 ; Bridges, Stain Tech., 12, 1935, p. 51). A satisfactory 
technique given by Darlington and La Cour is the following : — 

Gently warm the slide over a spirit flame. Invert in a ridged 
dish (which leaves a space for the cover slip to drop) containing 
10 per cent, acetic acid. After a few minutes the cover slip should 
separate from the slide. Pass cover slip and slide through a three 
and one alcohol-acetic mixture followed by two changes of 
absolute alcohol. Recombine cover slip and slide in “ Euparal.” 
Although aceto-carmine squash preparations can be mounted in 
Canada Balsam, this is inadvisable as such preparations are not 
sufficiently hardened to withstand the action of the clearing agent.: 
Should a freshly made squash preparation be insufficiently stained, 
this can be remedied by restaining the cover slip and slide after 
they have been separated in 10 per cent. Acetic Acid. 

662. The Feulgen Technique. There are a number of cyto- 
logical techniques which serve to localise the presence of certain 
substances in the chromosomes, such as the alkaline phosphatase 
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reaction of GoMom {Proc, Soc, exp, Biol., N.Y., 42, 1939, p. 23) ; 
see, for example, Krugelis (JSioL Bull., 90, 1946, p. 220) and the 
arginine reaction of Serra {Port. Acta. Biol., 1, 1944, p. 1), but 
the only technique of value per se for chromosome cytology is the 
‘‘ Nuclealfarbung ” method devised by Feulgen and Rossenbeck 
{HoppeSeyl. Z., 135, 1924, p. 203), and this technique, specific 
for the aldehyde hydrolysis product of desoxypentose nucleic acid, 
can produce brilliant chromosome staining in a completely un- 
stained cytoplasmic background. 

Leuco-basic fuchsin, the staining reagent used in Feulgen’s 
technique, should be prepared as follows (Darlington and La 
Cour, 1947) 

Dissolve 1 grm. of basic fuchsin in 200 c.c. of boiling distilled water. 
Filter : add 30 c.c. N, hydrochloric acid and 3 grm. potassium meta- 
bisulphite to the filtrate. Allow to bleach for twenty-four hours in the 
dark. If the solution remains coloured, the residual colour should 
be adsorbed on carbon. Filter : store in a tightly stoppered bottle 
in the dark. The resultant staining fluid should be of a light straw 
colour without a tinge of red or purple. 

Tissue to be stained by Feulgen’s reagent may be fixed in any 
of the standard chromosome fixatives followed by w’^ashing and 
mild hydrolysis in N. hydrochloric acid at 60° C. The duration 
of hydrolysis is governed by the fixative which was originally 
used. The optimal hydrolysis times have been very fully investi- 
gated by Bauer {Z.f. Zellforsch u. mihr. Anat, 15, 1932, p. 225) 
and by Hillary (Bot. Gaz., 101, 1939, p. 276). As a general 
rule chromic fixations require six to twenty minutes hydrolysis, 
whereas four to eight minutes is optimal after fixatives lacking 
chromic acid. 

The Feulgen technique is equally applicable to sections, smears 
and squashes. Sections and smears should be bleached, washed 
thoroughly, hydrolysed and stained in darkness for from one to 
two hours. After staining the slides should be washed in three 
changes of sulphurous acid solution (5 c.c. of N. hydrochloric 
acid with 5 c.c. of 10 per cent, potassium metabisulphite in 100 c.c. 
of distilled water) each of ten minutes duration, followed by 
distilled water and the normal stages for permanent mounting. 

Squashes should be treated somewhat differently. The tissue 
is hydrolysed and stained in bulk, and then tapped Out on a slide 
with a drop of 45 per cent, acetic acid. The covergiass is then 
applied and the material flattened, excess liquid being absorbed 
on filter paper. The flattening procedure requires care, as the 
material will have undergone maceration as a result of hydrolysis. 
Covergiass and slide are now separated and the later manipulations 
are identical with those used for an aceto-cai’mine squash pre- 
paration. 

Feulgen preparations for chromosome study are preferably 


FEULGEN 


277 


mounted in “ Euparal ” rather than Canada Balsam to avoid 
excessive shrinkage of the softened material by the action of the 
clearing agent. 

663. Nucleoli. There are two different classes of organised 
material which may frequently be found inside “ resting ” nuclei, 
and both of these have at one time or another been referred to 
as nucleoli. One class reacts positively to Feulgen’s test : it 
consists of chromosomes or parts of chromosomes which differ 
from the remainder of the complement by remaining condensed 
while the rest passes into a diffuse unfixable condition. These 
nucleoli are visible in life and they may thus be distinguished 
from the aggregations of Feulgen-positive material which often 
arise merely as artefacts of fixation in resting nuclei. The standard 
chromosome techniques are adequate for their study. 

Feulgen-negative nucleoli, on the other hand, do not form a 
homogeneous group of objects, and they may vary considerably 
in chemical constitution as shown by the work of Gebsch (Z. Zell- 
forsch u. mikr, Anat, 30, 1940, p. 483). Hence their reactions to 
fixatives and stains are variable. They are best fixed in Flemming’s 
fluid or a comparable chrom-osmic mixture which causes some 
nucleoli to become impregnated with metallic osmium. Iron 
hsematoxylin is generally adequate as a stain though some nucleoli 
stain more selectively with acid dyes. It is not possible to lay 
down hard and fast rules for the staining of these bodies. 

Feulgen followed by light green counterstaining is a useful 
technique for distinguishing between Feulgen-positive and -nega- 
tive nucleoli. For details, reference should be made to a schedule 
recently devised by Semmens and Bhaduri {Stain Tech,, 16, 1941, 
p. 119). Another selective counter-staining method is the methyl 
greempyronine technique of Pappenheim {Arch, path. Anat,, 157, 
1899, p. 19 and Zentralb. allg. Path., 23, 1912, p. 196) 'which when 
correctly used stains Feulgen-positive nucleoli green or blue and 
Feulgen-negative nucleoli red. (See § 314). 

664. Centrosomes. There is little to say about the fixation and 
staining of centrosomes. Flemming fixation followed by heavy 
iron hsematoxylin staining is the classical method and probably 
the best. For some unexplained reason centrosomes often show 
up most strikingly in badly fixed material ! 

Part II* 

665. For animal tissues the inexperienced worker will do 
well to begin with Bouin’s fluid or some other piero-formol- 
acetic combination, because these penetrate evenly and deeply, 
do not overfix, are cheap and easy to use. The main disadvan- 

* By T . P . A bridged from the 10th Edition by the Editors . 



278 


ANIMAL CHROMOSOMES 


tages of such solutions' are, first, some cytoplasmic structures are 
not fixed well, and, certain nuclear aniline dyes do not take as well 
after picric acid fixation as they do after the use of osmic acid, and 
It is necessary to mordant with the latter if these special dyes are 
to be used (see § 1385), For these reasons, for a well-rounded study 
of cellular structures picro-formol-acetic fixation should be 
supplemented by material treated with Flemming’s solution, or 
some one of the other chromo-aceto-osmic mixtures. The latter 
have the disadvantages, however, of not penetrating well, of 
overfixing if applied too long, of being expensive, and finally, of 
requiring a bleaching of the tissue before staining. 

After one has become familiar with a particular type of tissue, 
it will often be profitable to vary the proportions of the ingredients 
a little, for experience has shown that even slight variations may 
have a marked effect both on the density of cell parts and many of 
the finer details. For example, there are numerous slight 
modifications of Bouin’s, of Flemming’s solutions, and of the 
chromo-formol-osmic-acetic mixtures, which have become standard 
for specific types of tissues or for a given stage of mitosis or 
meiosis. With regard to the chromosomes it must be realised 
that they are complex structures which vary both in their 
physical and chemical state in the several phases of mitosis, 
and a fixative which, for example, gives very satisfactory 
metaphase plates may preserve the more disperse phases very 
poorly. In selecting the method to be followed, some thought 
should be given to the type of study it is desired to make. When 
the counting of chromosomes is a primary consideration, a 
certain amount of shrinkage is not detrimental and may be a 
positive advantage, when high numbers are dealt with. For 
such studies picro-formol-acetic, or chromo-aceto-osmic mixtures 
should be tried first, or if unavoidably dense membranes must be 
penetrated, such as a thin layer of chitin, then Carnoy’s fluid 
or some one of the mercuric fixatives such as Gilson’s or 
Petrunkevitch’s is recommended. But when one wishes to study 
the internal structure of chromosomes, shrinkage is to be avoided, 
as far as possible, and certain pre-fixation treatments may be 
extremely valuable. In the sections following the reader will find 
detailed information about the various methods w^hich are con- 
sidered, by the writers, as the best for a particular type of tissue 
or phase of mitosis for animals and plants. 

666. Hot and Cold Fixation. Nuclear fixatives are commonly em- 
ployed at room temperature, biit some workers advocate the use of 
warm or hot fluids and others believe the best results are obtained by 
keeping the vial of fixative (previously killed by ice) on ice w^hile the 
material is being fixed. Cold Flemming’s solution is recommended by 
Bzba Allen (Anat JRec., x, 1915, p. 16), and Hance {Anat. Rec.^ xii, 
1917, p. 371) for the preservation of mammalian chromosomes. The 
fixative which is generally used warm, at 37°-38° C., is Allen’s modifica- 
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tion of Bonin’s fluid. When hot fixatives are used, the period of fixation 
is reduced. It is possible that the chilling alters the physical state of 
the protoplasm, allowing the fixative to penetrate before the chromo- 
somes have clumped, and that heat accelerates the penetration of the 
reagents. In any event, we feel that the matter will repay investigation 
and that cytologists will do well to try both hot and cold methods. See 
also § 896. » 

667. Fixation of Mammalian Chromosomes. The material 
studied is generally either the testis of the adult or tissue taken 
from a very young embryo (the amnion gives excellent figures). 
In either case it is absolutely essential that fresh material be used, 
since even a delay of one or two minutes may cause a clumping 
of the chromosomes. 

If the testis is to be preserved, no anaesthetic should be used. 
Either the animal is castrated quickly, or it can be stunned or 
killed by a blow on the head and the testis quickly removed. Some 
workers prefer to slice the testis into thin layers a millimetre or 
two thick and preserve these, others cut the testis into small 
pieces and then tease these directly in the fixing agent. Experience 
has indicated (see, for example, Winiwarteb and Oguma, Arch, 
d. Biol.i xxxvi, 1926, p. 102) that it is inadvisable to place 
mammalian testis in physiological salt, or in Ringer’s solution, 
in order to separate the tubules of the testis. Mammals vary 
greatly in the ease with which the tubules may be separated, the 
mouse and rat and some other rodents being the least difficult 
in this respect. In working with germinal tissue, due regard 
must be given to the breeding season of the form and only healthy 
and properly nourished animals should be used. 

668. When preserving embryos, if the amnion is to be studied, this is 
simply exposed unbroken and the embryo is dropped into the pre- 
serving fluid. After washing, small sections of the amnion are stained 
with iron haematoxylin and mounted in toto in damar or balsam, after 
clearing with one of the vegetable oils (oil of cedar is excellent). 

If one wishes to study dividing cells in mesodermal or nervous tissue 
(in vertebrates the former is better), it is well to chop up the embryo 
before preservation because good chromosome plates are not found, as 
a rule, more than a few cell layers from the surface of the tissue. 

Three general methods have been employed for the fixation of 
mammalian chromosomes, all of which have given excellent 
figures. 

H. DE Winiwarter (^fc^ d. Biol, xxvii, 1912, p. 91) and 
some others have used Flemming’s solution, in which the amount 
of acetic acid has been reduced. Hance (Anat. Bee., xii, 1917, 
p. 371) adds a little urea (about 0*5 per cent.) to Flemming’s 
solution, which is chilled on ice. The tissue is placed in this cold 
fluid and kept there for about twenty-four hours. (The tempera- 
ture of the fixative on ice registers about 4° to 5° C.) More 
recently, Oguma and Kihara d. Biot, xxxiii, 1923, p. 493) 
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have fixed thin slices of human testis for one minute in Garnoy’s 
solution (the 6:3:1 mixture), and then transferred them to 
strong Flemming’s solution for twenty-four hours. 

Painter {Anat. Rec.^ xxvii, 1924, p. 77), and many others 
have used a slight modification of Allen’s modification of Bouin’s 
fluid (10 c.c. of acetic acid is used insteM of 5 c.c. in the formula 
give in § 115). Tissue is cut into small pieces and teased directly 
in the preservative with needles. Fixation lasts for 1| to 3 hours. 
The drop method is used for changing fluid, and Allen’s anilin- 
wintergreen oil method of clearing is followed (see § 669 for 
details). 

The Japanese cytologists have been using, with success, either 
the original Champy’s formula, or some modification of it. (See 
especially Minouchi, Jap. Jour. Zool., viii, 1928, p. 219, also 
§ 671 below.) After sectioning and bleaching, sections are treated 
for twenty-four hours with Chura’s solution {Zeit. wiss. Mik., 
xiii, 1925), which consists of equal parts of glacial acetic acid and 
a saturated aqueous solution of picric acid, in order to dissolve 
out the cytoplasmic inclusions and to render the chromosomes 
more deeply staining. 

If the tubules of the testis are teased apart, it is important 
that these small structures be protected from injury during 
dehydration and imbedding. In the higher grades of alcohol, 
especially after osmic acid fixation, the tubules become extremely 
brittle and the very best fixed material may be lost. It is advisable 
to put the testicular fragments into a little cage of some sort 
during dehydration, clearing and imbedding. The common 
Grooch crucible is good for this purpose, or a small square of porous 
cloth may be folded into a bag to hold the material. 

669. Precautions in Dehydrating and Clearing. For clearing, 
the least shrinkage seems to occur with some of the vegetable 
oils, such as bergamot, wintergreen, cedar wood or origanum, 
and if any of these do not mix readily with paraffin, the clearer 
can be washed out with benzol or xylol. The use of xylol, as a 
clearing agent directly from alcohol, is not recommended for 
delicate tissues as it causes some shrinkage (see also §§ 134 et seq). 

Ezra Allen (Anat Rec., x, 1915, p. 565), following Suchannek 
(§ 151) uses aniline oil as a substitute for alcohols by a method developed 
to follow his modification of Bouin’s fluid, but applicable generally 
to other types of fixation except those irimlmng the use of osmic acid. 

Following Alien’s lead, Painter employs the following pro- 
cedure : After fixation with Bouin- Allen, small pieces of the 
testis are placed on a square of cloth of porous weave, the four 
corners are brought together, forming a sort of bag. A pin is 
stuck through the corners of the cloth and on into a cork. The 
cork, with the tissue hanging down beneath, is floated on the 


BOU IN -ALLEN 


281 


surface of any sort of cylinder, such as a graduated one of 500 or 
1,000 c.c. capacity, containing 5 per cent, alcohol. Here the fixa- 
tive will diffuse out of the tissue and go to the bottom of the 
cylinder. After a few hours to overnight, the bag of tissue is 
fastened to the wall of a shell vial with an ordinary paper clip, 
and the dilute alcohol is gradually replaced by dropping in, with 
a capillary syphon, 50 per cent, alcohol until a concentration 
of about 40 per cent, is reached within the vial. During 
this and the subsequent steps in dehydration, the fluid 
within the vial is agitated either with compressed air, or 
by a plunger. If the fluid which is being dropped into the 
vial has a lighter specific gravity than that in the vial, the 
former should be introduced by a small glass tube running from 
the syphon to the bottom of the vial. After the tissue is in 40 per 
cent, alcohol, a mixture of equal parts of aniline oil and 50 per cent, 
alcohol is dropped in until saturation for the mixture is reached. 
(Ordinarily, about 150 to 200 c.c. is passed through a vial of 
about 25 c.c. capacity during the course of three or four hours. 
Note : The mixture of aniline oil and alcohol may absorb enough 
moisture, on damp days, from the atmosphere, to cause some of 
the oil to be thrown out of solution and making the fluid within 
the vial become cloudy. The addition of a few drops of 95 per 
cent, alcohol will generally clear up the solution again.) Next, 
a mixture of aniline oil and 70 per cent, alcohol (equal parts) is 
added to the crop method. Then, in turn, comes pure aniline oil 
and oil of wintergreen, the time taken to add each one of these 
being about four hours. After clearing in wintergreen oil, the 
tissue is removed from the cloth bag, which during the steps just 
described has protected the tiny tubules from mechanical injury. 
Imbedding is by steps, some seven to ten changes being used, thus 
one part of paraffin to seven of wintergreen oil, etc. Painter has 
found it very convenient to use, during imbedding, ordinary 
Naples’ staining jars, with Gooch crucibles which fit snugly into 
the open top. The paraffin and wintergreen oil tend to separate 
out on standing, so that each mixture must be well agitated before 
use. The whole imbedding process should not take over two or 
three hours. 

670. Avian Chromosomes. The methods given above for 
mammals are generally applicable here. In the adult active testis 
the tubule walls are very thin and the contents so fluid that on 
rupture the germ cells tend to flow out into a solid mass, making 
preservation difficult. One should either cut very thin slices of 
the testis, or else tease bits of the testis directly in the preserving 
fluid. In either ease, great care should be exercised in the subse- 
quent handling of the tissue so that the tubules lying on the 
surface, which becomes very brittle in the higher grades of alcohol, 
are not brokexi off and the best preserved cells lost. 
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For the preservation of testicular material, Oguma {Jout, Col. 
vfgr., Hokkaido Imp. Univ, xvi, 1927, p. 203) uses Hermann’s fluid 
(containing about 1 per cent, urea) warmed to about 40° C., and fixes 
for a few hours. Painter, and many others, have used Bouin -Allen 
followed by the aniline and wintergreen oil method of imbedding. For 
embr^mnic divisions, Hance recommends strong Flemming (with 1 
per cent, urea added) chilled with ice (§ 666). Oguma prefers warm 
Hermann’s fluid. Amniotic divisions in six to ten-day-old embryos 
are excellent for somatic chromosomes. 

671. Reptilian Chromosomes. The methods employed for 
mammals will be found good. Nakamura {Mem, Col. Sci,, Kyoto 
Imp. Univ., Series B, Iv, 1928, p. 1) has used the following modifica- 
tion of Champy’s fluid which is highly recommended, also, by 
Matthey {Rev. Suisse ZooL, xxxvii, 1931, p. 117) : 2 per cent, 
osmic acid, 3 parts ; 1*6 per cent, chromic acid, 6 parts ; and 6 per 
cent, potassium bichromate, 4 parts. Tissue is fixed in this 
mixture for twenty-four hours, washed for the same length of 
time, slowly dehydrated, cleared in cedar oil, then in chloroform, 
and imbedded. Sections are bleached in hydrogen peroxide in 
50 per cent, alcohol and then placed in Chura’s fluid for twelve to 
twenty-four hours, to dissolve out cytoplasmic inclusions and to 
render the chromosomes more easily stainable. 

672. Amphibian Chromosomes. Except for maturation divi- 
sions in oocytes, Bouin- Allen is excellent for germinal and somatic 
divisions. Recently, some Japanese cytologists, e.g., Making, 
Jour, Fac. Sci,^ Hokkaido Imp. Univ., ii, 1932, have found that 
either Benda’s or Flemming’s solutions are excellent if the acetic 
acid is reduced or omitted. For the meiotic divisions in mature 
eggs, Making (Journ, Fac, Sci,^ Hokkaido Imp. Univ., Zool., hi, 
1934, p. 117) uses a saturated solution of mercuric chloride con- 
taining about 1 per cent, of acetic acid. Eggs are fixed for ten 
to fifteen minutes and washed in 70 per cent, alcohol. The 
gelatinous envelopes should be removed from the eggs before 
fixation. If the eggs have been in water for a little while, this 
can be easily done with a pair of scissors. Freshly laid eggs, or ones 
taken from the oviduct, are preserved and washed first and are 
then placed in a 10 per cent, solution of formol. This causes 
the membranes to become brittle, and they may now be removed 
with needles. After dehydration, cedar oil is used for clearing, 
and then the eggs are placed in a mixture of creosote and toluol 
(equal parts), where they are left for about thirty minutes. The 
creosote is washed out with toluol and the eggs are imbedded. 

673. Teleost Chromosomes. Iriki recommends Champy’s fluid 
{Proc, Imp. Acad., Tokyo, viii, 1932, p. 262). Making {Cytologia, 
v, 1934, p. 155) finds that Champy’s works well with spermatocyte 
stages, but for spermatogonial divisions Benda’s fluid diluted 
with equal parts of water seems better. Prokofieva {Cytologia, 
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V, 1934, p. 498) uses equal parts of 5 per cent, chroinie acid and 
50 per cent, formol as a fixative. 

674. Methods for Invertebrate Chromosomes. As in all chromo- 
some work, the key to successful fixation is bringing the unaltered 
living tissue into direct contact with the fixing agent. As a rule, 
metaphase chromosomes present no great difficulty, but for early 
meiotic stages, in general, and especially for ova which carry large 
amounts of yolk, or are surrounded by dense envelopes, special 
methods must be employed. 

In the case of small animals, such as fleas or lice, the end of the 
abdomen may be cut off and the viscera squeezed out on a glass slide 
which is quickly plunged into a Jar of the fixative. For larger animals, 
one may open up the body cavity and pipette fixative over the viscera 
before the gonads or nervous tissue are separated away. It is generally 
better, however, to dissect out the desired tissue in normal body fluids, 
or in some medium like Ringer’s solution (cold-blood formula) or 
an isotonic salt solution. (Isotonic salt solution ranges from O-TO to 
0-75 per cent, of sodium chloride). Sometimes a 2 per cent, solution 
of urea is used as the dissecting medium. With any of these methods 
great care should be taken not to allow either the tissue or the dissecting 
medium to undergo any evaporation. In the past the favourite fixatives 
have been chromo-aceto-osmic mixtures, especially Flemming’s solution, 
and picro-formol-acetic combinations, such as Bouin’s fluid. For 
many types of chromosome work, the iron-aceto-carmine technique 
is quite adequate, and in cytogenetic laboratories, it is being extensively 
employed. 

For eggs surrounded by chitinous, or other more or less impervious, 
membranes, one must use fixatives with great penetrating power. 
One will be well repaid, however, for the time spent in removing or 
puncturing the envelopes , when this is possible. The fixatives generally 
employed are the fluids of Carnoy, either the 6 : 3 : 1, or the 1:1:1 
formula, Gilson and Petrunkevitch. For the eggs of many insects, 
Kahie’s fluid is recommended, but the egg envelopes must be punctured 
before its use. It is usually necessary to take special measures to ensure 
the easy sectioning of such material (§ 173), 

675. Illustrative Examples. In this section the methods 
currently employed for the study of Drosophila chromosomes will 
be described in detail and will serve as a guide for the study of 
various types of insect tissues. Following this, will be found 
information about the fixatives commonly used for the study of 
the chromosomes of otlrer types of invertebrates. 

676. Oogonial Divisions. These are found in the ovaries of late 
pupae or in adult flies up to twelve hours after hatching. The 
ovaries are dissected out either in Ringer’s solution (cold-blood 
formula) or in 2 per cent, urea, or in. a 0’73 per cent, solution of 
sodium chloride. 

If aceto-carmine preparations are desired, the ovaries are placed 
on a clean slide with a pipette, the dissecting medium quickly 
removed (avoid any evaporation) and iron-aceto-carmine is 
added from one side in considerable excess. (Adding the stain 
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in this way usually causes the ovaries to stick to the slide and 
makes the subsequent handling of the material easier.) The 
ovaries are stained until they are a dark red, which will take from 
ten to twenty minutes, and then the coverslip is added. A little 
evaporation of the stain during the process seems desirable. The 
excess of stain is removed with a pipette and filter paper and then 
the preparation is blotted with a good deal of pressure. The 
oocyte divisions are at the small end of the egg strings, so the 
ovaries should be mashed out by pressing on the coverslip with a 
blunt needle. The coverslip is sealed with vaseline, melted 
paraffin, or in some other way. The preparation is now ready for 
study, and if artificial light is used, it is well to filter it through a 
blue-green filter, or a yellow-green filter. Such a slide is best a 
few hours after staining and will continue useful for several days 
depending on climatic conditions. 

If sections are desired, the ovaries are transferred from the dissecting 
medium to the fixative, using a pipette. Strong Flemming’s solution 
is often employed, but it should not be allowed to act more than thirty 
minutes, less is probably better, and then the hardening should be 
completed in some other mediiun. Bridges (personal communication) 
uses a 1 per cent, solution of chromic acid in which the ovaries are 
left for a few hours. Painter transfers the ovaries to Hermann’s 
fluid, in which they are left two or three hours {Zeitsch, ind. Abs, Verer., 
Ixii, 1932, p. 316). After fixation the ovaries are washed for four or 
more hours. Then they should be packed into pupa cases, which 
enables one to carry them through dehydrating and imbedding without 
trouble. (See § 159 for directions for handling small objects). The 
reason ovaries are left in the Flemming’s solution such a short time is 
that longer fixation causes the cytoplasm of the cells to take on a grey 
tone, when iron haematoxylin is applied. In the experience of the 
writer, Bouin’s fluid, or Bouin- Allen, causes the chromosomes to 
contract much more than they do in osmic fixatives. 

If desired, smears may be made of ovaries in the usual way. 

677. Spermatogonial and Meiotic Stages. These must be sought 
in very young larvae. A larva, reared at ordinary room tempera- 
tures, will show all stages up to spermatids, when it is four days 
old. Spermatogonial divisions may be found occasionally in the 
adult testes. Any of the standard fixatives can be used. (At this 
early age one cannot distinguish between male and female larvse, 
but when one dissects out the gonads, the testes will be found 
to be considerably larger than ovaries in larvse of the same size.) 

678. Somatic Divisions. Both prophase and metaphase stages 
should be sought in the brain or in the large ganglia of young 
larvae. Dissections can be made in Ringer’s solution (cold- 
blood formula) or in 0-73 percent, salt solution. Navaschin’s fluid 
has been widely used as a fixative for such tissue, and sections 
should be stained in iron haematoxylin or in Newton’s iodine 
gentian violet. According to the I'ccent work of Proicoeieva 
{Zeitsclu Zellforseh, mikr. AnaL, xxii, 1985, p. 254) the chromo- 
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formol fixatives of Levitsky* are valuable for showing the 
constrictions. The morphology of the X chromosome shows 
best after treatment with equal parts of 10 per cent, formol and 
1 per cent, chromic acid. For the autosomes she uses 6 parts 
of 50 per cent, formol and 4 parts of 5 per cent, chromic acid. 

679. Drosophila Eggs and Embryos. The first step is to 
remove the chorion from the freshly laid eggs. This is easily 
done in the following way : Several years ago Professor J. T. 
Patterson, at the University of Texas, found that if a little quick- 
drying glue is smeared on a slide and the eggs are placed on this 
fresh surface, when the glue is dry the chorion may be removed 
from the eggs by pressing against one side with a blunt needle. 
The de-chorionated eggs are next punctured on the convex 
side, slightly posterior to the middle with a very sharp needle. 
Huettnee {Jour Morph,, xxxvii, 1922, p. 385) found that 
Kahle’s formol-alcohol-acetic fixative gave the best results. 
Others prefer Petrunkevitch’s fluid. Very young ovarian eggs 
are well preserved with Flemming’s solution, as described above, 
and section easily. 

680. Salivary Gland Chromosomes. The general experience has 
been that old fat larvae, raised on rich yeast food at a low tempera- 
ture (from 16° to 20° C.), show the largest chromosomes and give 
the best preparations. The glands are dissected out in Ringer’s 
solution (cold-blood formula) or in a 0*73 per cent, salt solution. 
Subsequent treatment depends on the type of preparation desired. 

For a study of the living chromosomes the glands may be 
mounted on a clean slide with some of the dissecting medium 
and the coverslip sealed with vaseline. Care should be taken to 
prevent evaporation during the process. Perhaps it would be 
better to adapt the method recently used for the study of Chiro- 
nonius chi'omosomes by Bauer {Zeitsch, /. Zellforsch, u, mikr, 
Anat., xxxiii, 1935). Bauer dissects large larvse in their own body 
fluids and with a pipette transfers the glands, along with some 
of the hsemolymph, to a clean slide, where several large drops of 
parajffin oil are added. A coverslip is now placed over the whole 
mass and the preparation is ready’ for study. It will remain fresh 
up to twenty-four hours. 

681. For temporary aceto-carmine preparations. Painter {Genetics, 
xix, 1934, p. 175) uses the following method; After dissection in 
Ringer’s solution, the glands are placed on a clean slide, the excess 
fluid removed, and iron-aceto-carmine is added from one side. After 
a minute or two the stain is removed and replaced by fresh fluid, thus 
ensuring that there will be no dilution due to the dissecting medium. 
The stain is allowed to act for ten to twenty minutes, depending on the 
sample of stain, room temperature and, perhaps, the condition of the 
larvae. When the glands are a deep red in colour the coverslip is added 

* S'-S c.c. of 10 per cent, formalin, 1*6 c.c. of 1 per cent, chromic acid — 
post-chrome as for Benda.' 
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(it may be placed over the glands when they are first mounted, if 
desired), and then the excess stain is drained off with a pipette and 
filter paper. Next the preparation is blotted with filter paper, using a 
good deal of pressure, both to crush the glands and to remove more 
stain. It is essential that the coverslip is not allowed to move during 
the blotting, for this will break the chromosomes and otherwise badly 
distort them. The nuclei are usually freed from the surrounding 
cytoplasm, when the glands are crushed, but the walls generally remain 
intact. The next step is to rupture the nuclear walls so that the chromo- 
somes can spread out. This is best done under a wide field binocular 
by pressing on the coverslip with a blunt needle directly above a 
nucleus. Do not allow the coverslip to move about. Any excess 
stain is now removed from the preparation and the coverslip is sealed 
with melted paraffin, vaseline, or in some other way. Such a slide will 
last for several days or longer, if it is kept cool. The reader should 
note that the success of the aceto-carmine method depends upon 
having a good stain with just the right amount of iron. Read carefully 
the directions given in § 245, 

682. For making permanent aceto-carmine slides several very 
good methods are in current use among Drosophila workers, and 
it is too soon to say which should be standard practice. The 
preliminary steps are described in the preceding paragraph ; 
further treatment consists of dehydrating the preparation and 
mounting in euparal, Venetian turpentine or balsam or damar. 
The writer has found that the methods used by Bridges and 
others (see Drosophila Information Service No. 6) give unusually 
clear preparations. The larvae are reared at a low temperature, 
and given food very rich in yeast. When they crawl up on the 
paper, or the walls of the bottle, preparatory to pupating, they are 
removed and the glands are dissected out in cold Ringer’s solution 
(or in a 0*73 per cent, salt solution) and transferred to a dish of 
plain (without iron) aceto-carmine which has been chilled with ice, 
where they are left for twenty minutes to several hours. The 
glands are then mounted as described above, but instead of sealing 
the coverslip the slide is placed in a dish containing alcohol fumes 
(any convenient dish may be lined with filter paper and saturated 
with 95 per cent, alcohol). The slides are allowed to “season ” 
in alcohol fumes up to twenty-four hours. An hour is said to be 
sufficient, though a longer time works well. Next the slides are 
placed in a jar of 95 per cent, alcohol where they may be left over- 
night or longer. Here a few of the coverslips will loosen and may 
even come off. If they do not, .they are prised off with a needle 
ground to a spade-like edge and mounted directly in euparal, 
further dehydration being unnecessary. With a little care the 
coverslip may be put back into the same position it had when it 
was prised off. 

When the coverslip is prised off, as described above, some of 
the tissue will stick to the slide, some to the cover and some will 
come loose and be lost in the mounting process. Bauer (com- 
municated by letter) has foimd that the following treatment of 
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the slides and coverslips will remedy this trouble : Before use, 
the slides are given a thin coating of egg albumin, which is allowed 
to dry. The under side of the coverslip is coated with a thin 
layer of oil (run your finger tips through your hair and then rub 
the underside of the cover with them). This will keep the chromo- 
somes from sticking to the coverslip when the nuclei are crushed. 

If one wishes to employ Feulgen’s stain, from the 95 per cent, 
alcohol the slides are brought through the lower grades to water 
and then fixed a few minutes with Bouin-Allen (presumably other 
fixatives will do also), washed in running water, after which they 
are treated and stained in the usual way (§ 662). 

ZiRKLE (Science, May, 1937) recommends for permanent mounting 
the following : — -Acetic acid (glacial) 50 c.c., water 50 c.c., glycerine 
1 c.c., gelatine (powdered) 10 grm., dextrose 4 grm., FeClg 0*05 grm., 
carmine to saturation. Dissolve gelatine in water, add other components , 
boil, filter. Use as ordinary aceto-carmine, or dilute in various pro- 
portions with Belling’s aceto-carmine. 

R. B. Nebel (Stain Tech,, 1940) uses chlorazol black as an auxiliary 
stain for aceto-carmine. 

O. Heilbokn (Lantbrukshogskolmis Ann, Sweden, vol. 4, 1937) 
for permanent acetocarmine preparations of Drosophila salivary 
glands dissects out into a drop of Ringer, transfers the glands 
to a drop of 50 per cent, acetic acid, fixes four to eight min., 
and removes to a dry slide. Covers with a coverslip wet with 
glycerine ; holds it fast, and smears with the aid of a needle or 
small roller. Suspends the inverted slide in 96 per cent, alcohol 
in a petri dish until the coverglass drops off (in about three min.. 
Rinses in water. Stains overnight in aceto-carmine. Rinses in 
water, dehydrates, clears and mounts as usual . 

683. Mounting Sections between Coverslips. Agar (Quart. 
Jour, Micr. Sci., 1911) has devised a method for mounting 
preparations between coverslips in order that they can be 
observed on both sides. Use one larger coverslip as if it were a 
slide. Carriers may be made by stamping out a square in stiff 
cardboard, or thin metal. See also, C. Cepede, C, B. Soc. Biol,, 
civ, 1913. 


CHAPTER XXVII 


FATTY SUBSTANCES ^ 

684. Nomenclature. The nomenclature of fatty substances is 
discussecl in detail by Sperry (1937) and attention is here confined 
to words that have been used to denote fatty substances as a 
group, namely fat, lipoid, lipide, lipid and lipin. With the 
possible exception of lipid, all these \vords have also been defined 
in restricted senses ; fat, for example, may denote neutral fats 
only and lipoid fatty substances exclusive of neutral fats. Used 
with reference to tissue sections fat usually denotes sudanophil 
substances and lipoid sudanophil substances presumed to contain 
cholesterol. Changing usage is illustrated b}’^ the group name 
in successive editions of Bioor’s classification of fatty sub- 
stances ; in 1919-20 it was lipoid, in 1925-26 lipide, and in 1937 
and 1943 lipid. By 1939 lipid had been generally accepted by 
American biochemists (Sperry, 1939) and has since appeared in 
British literature, (ef. Barcroft and PopJxVK, 1944). Lipid is 
the least ambiguous of the words beginning with I and seems 
likely to predominate as the group name in the biochemical 
literature written in English. On the other hand, fatty substance 
is equally unambiguoiis and the terms ‘‘ fat solvent ’’ and “ fat 
stain are brief and convenient ; for these reasons the general 
terms adopted in the last edition of this chapter are retained. 

The only general terms used in this chapter are ^\fat ” a?id fatty 
substance each of these terms covers fatty acids and soaps, 
glyceryl esters of fatty acids, xmxes, steroids {sterols and similar 
substances), phostyhatides and cerebrosides. 

Scope of Histological methods. The fet that can be studied 
by histological methods is only a part of the total fat content of 
any tissue. This part may be termed visible to distinguish it 
from the invisible part whose existence can be demonstrated 
only by chemical analysis. Many methods have been devised for 
ike study of visible fat, but common ewjyerience and critical examina- 
tion have shown that few are really valuable. The older literature 
is reviewed by Lison (1933, 1936). A paper by Dempsey and 
WiSLOCKi (1944) contains a short review whielx is especially 
valuable for the literature on nltraviolet fluorescence and the 
significance of sterol reactions. The reader is referred to the 
following literature : — 

Baker, J. R., Q. J. Mict. ScL, Ixxxv, 1945, p. 1 ; Barcroft, J. and 
PopjAK, G., Froc, Physiol. Soc., 25 Nov. 1944, in J. Physiol, ciii, 
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1945, p. 32 p ; B 1 . 00 R, W. R., Proc. Soc. Exp, Biol. Med., xvii, 1919-20, 
p. 138 ; Chem. Rev., ii, 1925-26, p. 243 ; In A textbook of biochemistry, 
ed. B. Harrow and C.P. Sherwin, Saunders, Philadelphia and London, 
1937, p. 578 ; Biochemistry of the Fatty Acids and their Compounds, 

; the Lipids. Reinhold Publishing Corporation, New York, 1943, p. 1 ; 

Brunswik, H., Z. wiss. Mikrosk., xxxix, 1922, p. 316 ,* Bulbring, L., 
Arch, exper. Zellforsch., xvi, 1934, p. 97 ; Burdon, K. L., Stokes, 

J. C., and Kimbrough, C. E., J. Bad., xliii, 1942, p. 717 ; Carleton, 
H. M. and Leach, E. H., Histological technique, ed. 2, Oxford University 
Press, London, 1938, p. 167 ; Daddi, L,, Arch. ital. Biol, xxvi, 1896, 

! p. 143 ; De Bruyn, P., Acta, neerl. Morph., i, 1937, p. 43; Ibid., 

i ii, 1939, p. 322 ; Dempsey, E. W. and Wislocki, G. B., Endocrinol., 

xxxv, 1944, p. 409 ; French, C., Arch. Path., xxx, 1940, p. 1243 ; 
Govan, a. D. T., j. Path. Bad., Ivi, 1944, p. 262 ; Gross W., Z. wiss. 
Mikrosk., xlvii, 1930, p. 64; Hadjioloff, A., Bull. Ilistol. appliq., 
XV, 1938, p. 81 (cited by Govan, 1944) ; Hartman, T. L., Stain 
TechnoL, xv, 1940, p. 23 ; Karpova, L., Zeit. f. Zellf. u. mikr. Anat., 
2b, 4h, 1925 ; Kaufmann, C., and Lehmann, E., Cbl. allg. Path., xxxvii, 
1926a, p. 145 ; Arch. path. Anat., cclxi, 19266, p. 623 ; Ibid., cclxx, 
1928-29, p. 360 ; Ibid., cclxxxiii, 1932, p. 190 ; Kawamura, R. and 
Yasaki, T., Trans. Soc. Path. Jap., xxiii, 1933, p. 215 ; Cbl. allg. 
Path., Ixiv, 1935-36, p. 177 ; Kay, W. W. and Whitehead, R., J. Path. 
] Bad., xxxix, 1934, p. 449 ; Ibid., xli, 1935, p. 303 ; Ibid., liii, 1941, 

i p. 279 ; Larson, H. W., J. Lab. Clin. Med., xviii, 1933, p. 848 ; Leach, 

E, H., J. Path. Bad., xlvii, 1938, p. 635 ; Leulier, A. and Noel, R., 
Bull. Ilistol. appliq., iii, 1926, p. 316 ; Leulier, A. and Revol, L., 
lhid., vii, 1930, p. 241 ; Lison, L., Ibid., x, 1933, p. 237 ; C. R. Soc. 
Biol., cxv, 1934, p. 202 ; Arch. Biol. (Liege), xlvi, 1935a, p. 599; 
Bull. Histol. appliq., xii, 19356, p. 279 ; Histochimie animate, Gauthier- 
Villars, Paris, 1936 (Part II, Section III, pp. 189-224) ; Lillie, R. D., 
Stain TechnoL, xx, 1945, p. 7 (abstracted in British Abstracts, A III, 

1945, June, p. 340) ; Lillie, R. D. and Ashburn, L. L., Arch. Path., 
xxxvi, 1943, p. 432 ; Ludford, R. J,, Sci. Rep. Invest. Imp. Cancer 
Res. Fund, xi, 1934, p. 169 ; McManus, J. F. A,, J. Path. Bad., Iviii, 

1946, p, 93 ; Michaelis, L., Deuts. med. Wschr., xxvii, 1901a, p. 183 ; 
Arch. path. Anat., clxiv, 19016, p. 263 ; Rice, H. G. and Jackson, 
C. M., Anat. Rec.,lxK, 1934, p. 135 ; Romeis, B., Cbl. allg. Path., Ixvi, 
1936-37, p. 97 ; Romieu, M., C. R. Soc. Biol., xcii, 1925a, p. 787 ; 
C. R. Assoc. Anat, xx, 19256, p. 345 ; Rossman, I,, Am. J. Anat, 
Ixix, 1941, p. 187 ; Schult 2 ;, A., Cbl. allg. Path., xxxv, 1924-25, p. 314 ; 
Verh. deuts. path. Ges., xx, 1925, p. 120 ; Schultz, A. and Lohr, G., 
CM. allg. Path., xxxvi, 1925, p. 529 ; Sehrt, E., Histologic und Chemie 
der Lipoide der weissen Blutzellen, Thieme, Leipzig, 1927, p. 24 (cited 
by Froboese, C. and Sprohnle, G., Z. mikr. -anat. Forsch., xiv, 1928, 
p. 13) ; Sheehan, H. L., J. Path. Bad., xlix, 1939, p. 580 ; Sperry, 
W. M,, In A textbook of biochemistry, ed. B. Harrow and C. P. Sherwin, 
Saunders, Philadelphia and London, 1937, p. 109 ; Ann. Rev. Biochem., 
viii, 1939, p. 231 ; Steinle, J. V. and Kahlenberg, L., J. Biol. Chem., 
Ixvii, 1926, p. 425 ; Szantroch, Z.,Arch. exper. Zellforsch., xvii, 1935, 
p. 206 ; Whitehead, R., J. Path. Bad., xli, 1935, p. 305 ; Yamasaki, 

K. , Fukuoka-Ikwadaigaku-Zasshi, :scKxv, 19S1, p. 79, 


VARIOUS METHODS AND THEIR RELATIVE MERITS 

685. Stains for Fatty Substances in General. The most widely 
used method for fatty substances in general is staining with the 
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Sudan dyes, c^speeially Suda.ji III, Sudaii IV and Sudan black B. 
Otlier substances proposed include cyanine, alkanna, eliloropliyll, 
indoplienol, extracts of capsicum berries and extracts of carrot ; 
none of these is in general use and according to Lison (1934) all, 
with the possible exception of indoplienol, are inferior to the 
Sudans. After studying the fat-staining properties of many 
dyes Lison (1934) recommended blue B.Z.L. (Ciba), Sudan red B 
and Sudan black B (both I,G. Farbenindustrie). Other dyes 
recently used as fat stains are oil red 4B and Sudan brown (Lillie 
and Ashbiirn, 1943) and oil-blue N. or N.A. (Lillie, 1945). 

’ 686. Examination of Vacuoles in Paraffin Sections. Since 
dehydrating and clearing agents are fat-solvents, fatty substances 
are represented in paraffin sections as a rule merely by vacuoles. It is 
unjustifiable to regard the study of such vacuoles as a method for 
fatty substances for the following reasons : (1) it is irrational to study 
Mty substances indirectly when direct methods are available. (2) not 
all vacuoles represent fatty substances, (3) it is impossible to appreciate 
in vacuolated paraffin sections details that are obvious in sections 
containing fatty substances, and (4) no test can be applied to vacuoles, 

687. Polariscopic Examination. The following account is 
based on Lison ’s (1933) conclusions. 

When examined in polarised light between crossed nicols fatty 
substances may be : — 

(1) Isotropic (rmiAumimus), This result may be due to any kind 
of fatty substance in liquid form : neutral fats and fatty acids when 
liquid are never anisotropic ; eholesteryl esters, phosphatides, and 
eerebrosides may be, but are not always, either because they are 
above their clearing points, i.e. the maximal temperatures at which 
they can exist as liquid crystals, or because the formation of liquid 
crystals is inhibited in some way. 

(2) Anisotropic {luminous), 

{a) Not showing a Black Cross of Polarisation, This result may 
foe due to any of the substances named under (1) when in solid crystalline 
form. 

(5) Showing a Black Cross of Polarisation, This result may be due 
to any of the substances named under (1) except neutral fats and fatty 
acids and indicates the presence of liquid crystals. 

It is impossible polariscopicaliy to distinguish between neutral 
fats and fatty acids or between eholesteryl esters, phosphatides 
and eerebrosides. Polariscopic examination is thus not a method 
for determining the composition of fatty substances, although it 
is sometimes useful for studying their morphological distribution. 
It is necessary for identifying sterol-digitonide in applications of 
the Windaus test for free sterols. 

688. Methods Formerly Supposed to be of Histochemical Value. By 
means of osmic acid it was formerly considered possible to distinguish 
neutral fats from eholesteryl esters, phosphatides, and eerebrosides. 
Osmic acid, however, does not react with all fatty substances, and 
does react with many that are non-fatty ; it is therefore not a reagent 
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even for identifying fatty substances in general, and has no histo- 
chemical value whatever (Lison, 1933). Kaufmann and Lehmann 
concluded that none of the following methods was specific : Ciaccio’s 
for lipoids,” Smith (Nile blue), Fischler, and Smith-Dietrich. Lison 
has since found (1935a, and, with details, h) that commercial Nile blue 
is impure, containing, in addition to true Nile blue, a substance that 
he terms Nile red. The pink colour of fatty substances stained with 
commercial Nile blue is due exclusively to this Nile red, which when 
pure stains fat in the same way as Sudan ; no conclusion regarding 
the composition of fatty substances is possible from the results with 
either Nile red or pure Nile blue. Lison (1933) proposed the retention 
of the Smith-Dietrich method as being specific for phosphatides and 
cerebrosides provided that cholesterol and its esters could be excluded. 
He assumed that this condition was fulfilled if histological applications 
of the Liebermann-Burchardt test gave constantly negative results. 

It is impossible by any stain to make chemical distinctions 
between various kinds of fatty substances ; the only methods that 
can now be recognised as differential are not stains but chemical 
tests, and those that are generally accepted are exclusively for 
steroids. 

689. Methods for Sterols and their Esters. The techniques of 
Schultz (1925), Romieu (1925 a and &), and Yamasaki (1931) are 
applications of the Liebermann-Burchardt test, and are specific 
for steroids. The only technique in general use is that of Schultz. 

Larson (1933) proposed a test based on the work of Steinle and 
Kahlenberg (1926). It depends on the formation of an addition 
product of cholesterol with antimony pentachloride. In view of the 
similar reactions given by antimony pentachloride with other fatty 
substances (Steinle and Kahlenberg, 1926) it is doubtful whether 
Larson’s test is specific. 

The techniques of Brunswik (1922), Leulier and Revol (1930, super- 
seding Leulier and Noel, 1926), and Lison (1936) are applications of 
the Windaus digitonin method and are specific for free sterols. Although 
sound in principle these techniques need further investigation. 

690. Value of Methods Discussed. 1. Stainmg with dyes of the 
Sudan type : the best method for demonstrating fatty substances 
in general. 

2. Examination of vacuoles in paraffin sections : irrational and 
naisleading. 

3. Polariscopic examination : of limited histochemical and 
morphological value only. 

4. Osmication, Ciaccio^s method for lipoids,'"^ Smith (Nile blue), 
Fischler, and Smith-Dietrich methods ; these have no histochemical 
value. 

5. Techniques based on the Liebermann-Burchardt test : specific 
for steroids. 

6. Techniques bmed on the Windaus digitonin test for free 
sterols: specific but need further investigation. 

7. Other methods : either need further study or have no 
advantage over those named. 
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691. Methods Recommended. The methods recommended are 

1. Sudan stainijig for fatty substances in general. 

2. The Sehiiitz test for steroids. 


THE SUDAN METHOD 

692. Principle. Sudan colours fat by dissolving in it and the 
process of staining consists in the passage of dye from one solvent 
(usually alcohol) to .another (fat) in which it is more soluble. 
Little is known of the various factors that may influence this 
passage. 

693. Sudan III and Sudan IV. Sudan III was introduced as a 
fat stain by Daddi (1890), Sudan IV by Michaeiis (1901 a, h). Sudan 

III is benzene-azo-benzene-azo-^-napthol, a single substance ; 
Sudan IV is toluene-azo-toluene-azo-^-napthol, which has four 
isomeric forms, some of which probably occur together in com- 
mercial preparations. 

Commercial sudans vary in both chemical and staining properties 
(Kay and Whitehead, 1934) and different samples of the same l>rand 
may va^y in quality (Sehrt, 1927; Kawamura and Yasaki, 1933, 
103'5 “3(> ; Romeis, 1936-37). The fat-staining properties of Sudan III 
and Sudan IV were studied in detail by Kay and Whitehead (1941). 
They found that commercial sudans gave stronger fat staining than 
purified sudans and that mixtures of purified sudans stained more 
stronger than their ingredients separately ; the value of sudans as fat 
stains is thus enhanced by impurities and by the presence of more 
than one sudan in the staining solution. Commercial Sudan III 
contains only one enhancer, namely impurities, but commercial Sudan 

IV in addition to impurities probably contains more than one isomer 
of Sudan IV. It seems likely that the isomers dissolve independently 
of each other and that the influence of sudan (as distinct from impuri- 
ties) on the colour strength of stained fat is greater with commercial 
Sudan IV than with commercial Sudan III. Apart from any advantage 
due to isomerism, Sudan IV is undoubtedly superior to Sudan HI 
because the red colour it imparts to fatty substances contrasts more 
sharply with the background of a section than the yellow, orange or 
brown of Sudan Ill.» Sudan was used as far back as 1925 for the 
Golgi apparatus, Karpova, see Chapter XXXII. 

694. Sudan Black B. This was introduced as a fat stain by 
Li>son (1934) and is said to be ‘‘ a dyestuff of the phenyl-azo- 
napthyl-azo-napthyl type (Hartman, 1940) but according to the 
makers (I.G. Farbenindustrie) its nature is secret. Ignorance of 
the chemical constitution and method of manufacture of Sudan 
black B is a serious obstacle to the study of the dye as a fat stain. 

The use of Sudan black B for frozen sections is described by Carleton 
and Leach (1938), for paraffin sections by McManus (1946), for leucocyte 
granules by Sheehan (1939), for bacteria by Hartman (1040) and Burdon, 
Stokes and Kimbrough (1942), for the Golgi apparatus by Baker 
(1944) and for tissue cultures by Ludford (1034). 
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695. Solvents for Sudan. The usual solvent is ethyl alcohol, 
either 70 per cent. (Michaelis, 1901 a) or 40 per cent. (Romeis, 
1986 - 87 , superseding earlier papers), which was introduced 
because 70 per cent, alcohol extracts some of the fat. The Romeis 
method was modified by Rossman (1941), who diluted 80 to 95 
per cent, alcoholic solution of Sudan III to 40 per cent, with 
glycerin, filtering the mixture after a few days. Glycerin 
alone as a solvent was recommended by Biilbring (1984). Gross 
( 1980 ) recommended diacetin, which dissolves the dye but not 
fat ; it was used by Rice and Jackson (1984) for oil red 0 and by 
Leach ( 1988 ) for Sudan black B but found unsatisfactory by 
Biilbring ( 1984 ) and Lillie and Ashburn (1948), who recommended 
isopropanoL Hadjioloff (1988) used hydrotropic agents such as 
soaps to make Sudan dissolve in water but Govan (1944) found 
this procedure unsatisfactory and proposed a method involving 
the use of a colloidal suspension of sudan in acetone and gelatin. 

696. Sudan Techniques for Special Purposes. Techniques for use 
with Sudan Black B are listed above (§ 694). Sudan methods for 
tissue cultures are given by Biilbring (1934), Ludford (1934) and Szant- 
Toch (1935, superseding an earlier paper) and for the combined staining 
of fat and elastic tissue by French (1940). .The sudan staining of leu- 
eocj’t.es was studied in detail by De Brxjyn (1937, 1939), who showed 
that it is the result of two independent processes, namely (1) the pro- 
duction of granules by ^-napthol present as an impurity in the sudan 
and (2) the staining of the granules by the sudan. The production of 
granules is a general property of phenols (including sudan itself under 
special conditions) and the granules are stainahle by basic dyes as 
well as sudans. Granule formation is influenced by the pH of the 
phenol, the particular phenol used and its concentration and the time 
during which it acts, the strength of the alcohol used as a solvent, and 
the nature of the fixative. Phenol granulation is normally inhibited 
by 70 per cent, alcohol but may occur if an excess of sudan is used ; 
It is favoured by 40 per cent, alcohol and precautions and control 
procedures are described by Rossman (1941). The evidence suggests 
that the granulation seen after the action of phenols is pre-existent 
and that it consists of a protein -lipid complex ; phenols probably split 
this complex with two results : (1) a change in refraction, making the 
granules visible, and (2) the rendering of both protein and lipid com- 
ponents accessible to staining, 

697. Technique of Staining. The dye recommeuded is toluene- 

azo-toluene-azo-j8-naphthol. A brand of this has been specially 
prepared by the British Drug Houses Ltd., and is sold as Sudan IV 
(B.D.H., No. 555722). ■ ; ■ 

The following solutions are needed (Kay and Whitehead, 1935) : 
(A) Stock solution of dye. Add 2 g. Sudan IV powder to 1 litre of 
absolute ethyl alcohol at room temperature, boil gently till all the 
powder has dissolved, and allow to cool and settle. (B) 45 per 
cent, alcohol. Mix 4 volumes of absolute ethyl alcohol with 
5 volumes of distilled water. {Q) Staining solution : saturated 
solution of Sudan IV in 70 per cent, alcohol. To 7 volumes of (A) 
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add slowly, with shaking, 9 volumes of (B). Mix thoroughly, allow 
to stand ibr 1 hour, and filter. 

Formol-fixed frozen sections are placed successively in : — 
(1) 50 per cent, alcohol, 5 minutes ; (2) solution (C), 30 minutes 
at 37® C. ; (3) 50 per cent, alcohol, a few seconds ; (4) distilled 
water, a few minutes at least ; (5) filtered h^niaium ; (6) alkaline 
tap water, a few minutes at least ; and (7) mounted in glycerin 

jelly- 

698. Notes on Technique. (1) The alcohol used to prepare 
solution (A) must be absolute. Any loss by evaporation while 
the dye is being dissolved may be avoided by the use of a reflux 
condenser or must be made good by adding more alcohol while 
the solution is hot. (2) (A) wdien hot is transparent ; while 
cooling it becomes slightly turbid. A small deposit of excess dye 
forms on the sides and bottom of the bottle and the cold solution 
is transparent. (3) Within a few^ minutes after (A) and (B) have 
been mixed, the mixture, (C), becomes turbid. If (C) is used 
immediately, even though filtered, a precipitate may form rapidly 
on the sections. This is avoided or delayed for some wrecks by 
allowing (C) to stand for 1 hour before filtering. (4) (A) keeps for 
at least 6 months without deteriorating. (C) rapidly deteriorates 
and should be discarded wdthin about 4 hours after being mixed ; 
it may, how^ever, be used repeatedly during this period. (5) Sec- 
tions (5) and (6) of the staining process may often be omitted 
with advantage. (6) Sections should be stained on the day after 
cutting. Sections stained on the day of cutting tend to stick to the 
glass rod used for manipulation, probably owing to the presence 
of gum used for imbedding the tissue before cutting. No difficulty 
is experienced if sections are stained on the day after cutting. 
If staining is delayed for more than a few days after the end of 
fixation the results are often unsatisfactory, probably owing to 
the crystallisation of the fatty substances. The finished pre- 
parations deteriorate in the course of weeks or months, (7) Pre- 
cautions to prevent evaporation of (C) are unnecessary, and 
covered glass dishes may be used as staining vessels, (8) If 
sections overlap, the covered portion is stained less strongly 
than the uncovered. Sections may be unevenly stained even 
though they w^ere not overlapped. The risk of uneven staining 
is minimised if the sections are turned over after 15 minutes in 
(C). (9) Thymol in imbedding media may cause phenol granula- 
tion in leucocytes (see § 696). (10) For an indication of the results 
obtainable see the coloured plate published by Whitehead (1935). 

THE SCHULTZ TEST FOR STEROIDS 

699. Principle. The Schultz test for steroids is an application 
to tissue "sections of the Liebemami-Burchardt test (Schultz, 
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1924-25 ; Schultz and Lohr, 1925 ; Schultz^ 1925). A positive 
result (the Schultz reaction) consists in the development of a 
blue-green colour after adding a mixture of glacial acetic and 
sulphuric acids. Previous treatment of the section is necessary ; 
the reaction was originally obtained in sections that had been 
exposed to strong light, but treatment with metallic salts, 
especially iron alum, was found to be equally effective. These 
procedures probably result in the conversion of non-reacting to 
reacting substances by oxidation (Windaus, cited by Schultz, 
1925). 

700. Specificity. The sterol colour reactions are less specific 
than was formerly supposed ; recent work, summarised by 
Dempsey and Wislocki (1944), suggests that they indicate un- 
saturation in steroid molecules. In animal tissues the Schultz 
reaction is probably due mainly to cholesterol (a view supported 
by the rcvsults of chemical analysis), although other substances 
may possibly be concerned ; in plant tissues it is likely that a 
wide variety of substances would give the reaction. Kaufmann 
and Lehmann (1926a and 5), who tested 109 substances, found 
that the Schultz reaction may be absent even when cholesterol is 
present and their results suggest that absence of the reaction in 
tissue sections may be due to many causes. 

701. Technique. The following solutions are needed : 

(A) 10 per cent, solution of iron alum. Dissolve at room tempera- 
ture 100 g. violet iron alum, (NH4)2S04.Fe2(S04)3.24H20, in 
distilled water and make up volume to 1 litre. (B) 2*5 per cent, 
solution of iron alum. Dilute 1 volume of (A) to 4 times its 
volume with distilled water. (C) Acid mixture. Add slowly, with 
external cooling, concentrated sulphuric acid to an equal volume 
of glacial acetic acid. Formol-fixed frozen sections are : (1) Placed 
in (B) for 3 days at 37° C. ; (2) rinsed in distilled water ; (3) 
mounted on a slide ; (4) blotted dry with filter paper ; (5) treated 
with a few drops of (C) ; and (6) covered with a cover glass. 

702. Notes on Technique. (1) The acid mixture should be 
made by putting the glacial acetic acid in a flask and slowly adding 
the sulphuric acid with careful shaking, the flask being kept cool 
by immersion in cold water. (2) Both acids must be of ‘‘ analytical 
reagent ” standard, and the sulphuric at least 98 per cent. H2SO4. 
After the acid mixture has been added to a section a few bubbles 
usually appear, but do not interfere with the appreciation of 
colour. If the acids are impure, however, bubbles may appear in 
large numbers and cause serious difficulty. The acid mixture is 
hygroscopic and the bottle containing it must therefore be kept 
stoppered when the mixture is not in use. If due care is exercised 
the acid shows no sign of deterioration even after a year’s regular 
use. (3) If the iron alum solution is heated during preparation 
basic iron sulphate is precipitated ; this cannot be redissolved. 
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Both 10 per cent. , and . 2-5 per cent, solutions keep well. The 
2-5 per cent, solution is discarded after being u,sed once. The object 
of preparing a 10 per cent, solution is to reduce labour when large 
volumes of the 2*5 per cent, solution are being used. (4) Gelatine 
imbedding, advised by Schultz (1925) is unnecessary. A film of 
egg albumen on the slide keeps the section flat during the perform- 
ance of the test. The test is applicable also to urinary deposits 
and sputa, which are dried on a slide, fixed in formol, and then 
placed in the iron aliun solution. (5) At the start of a test a dry 
glass rod should be inserted in the acid bottle and returned to it 
immediately after it has been used to add acid to a section. If the 
rod is left exposed to the air the film of acid on the rod will foe 
rapidly diluted foy atmospheric moisture. At the end of a test 
the acid bottle should be stoppered and the glass rod washed in 
water and dried. (6) The blue-green colour appears within a few 
seconds after the acid mixture has been added and becomes 
stronger during the next few minutes. It becomes dirty brown 
within lialf an hour and sections must therefore be examined 
without delay. Permanent preparations are unobtainable. Fatty 
substances giving a negative result appear brown. (7) The 
operator may check his reagents and technique by testing sections 
of adrenal gland from a normal guinea-pig or rabbit ; the fatty 
substances in the cortex give a strongly positive result, even in 
sections that have been kept in formol for months. (8) Whenever 
a section gives a negative result, further sections should always 
be examined to exclude technical errors. Sections of a tissue 
known to be Schultz-positive should be tested at the same time. 


CHAPTER XXVIII 


MICROCHEMICAL TESTS FOR CERTAIN SUBSTANCES OTHER 
THAN FATS AND CHROMATIN 

703. A comparatively small number of histological techniques 
are of the nature of true microchemical reactions in that they 
demonstrate and localise certain substances or atoni groups by 
the use of specific reagents. No attempt will be made here at a 
systematic presentation of histochemistry. Techniques requiring 
unusual apparatus (freezing-drying vacuum, quartz microscope, 
microincinerator, etc.) will be omitted altogether. Only a number 
of important and reasonably simple procedures, such as can be 
performed in any well equipped laboratory, will be described. 
For practical reasons, a few specific stains the chemical back- 
ground of which is not well understood, will also be included. 

For more detailed information the reader is advised to consult 
L. Lison’s excellent work, “ Histochemie Animale ; Methodes et 
Problemes,” Gauthier -Villars, Paris, 1936, which is devoted entirely 
to this subject. 

Inorganic Substances 

704. Calcium. The only absolutely specific and simple test is 
the following. Fix in acid-free alcohol or acid-free formol, bring 
sections to 40 per cent, alcohol and add dilute (2 to 5 per cent.) 
sulphuric acid under the coverslip. Gypsum crystals will be 
formed in a few minutes if calcium is present. Unfortunately, 
the crystals are far too coarse to permit exact localisation. 

Another very specific test is Cretin’s ammoniacal gallic acid-formol 
method (Bull, (Thist. appL J, 1924, p. 125). The preparation of this 
extremely unstable reagent is not easy, and the results are capricious. 
For these reasons, it cannot be recommended for routine use. 

Calcium forms coloured lakes with many dyes. The deep blue 
staining of calcified tissues by haematoxylin is well known. None 
of the other lakes (purpurin, acid alizarin red, etc.) offer any 
advantages. 

Since practically all of the insoluble calcium of the tissues 
occurs in the form of carbonate and phosphate, and, on the other 
hand, almost all of the insoluble carbonate and phosphate in the 
tissues is that of calcium, a test for carbonate and phosphate is 
sufficiently specific for calcium. The latter anions can be demon- 
strated by the method of Kosba (Beitr, z, path, Anat. u, z, allg. 
Path,, xxix, 1901, p. 163). Fix in neutral formol or alcohol. 
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Wash sections thoroughly with aq. dest. Treat them for ten to 
twenty minutes with a 1 per cent, solution of silver nitrate. If 
this step is performed in bright sunlight the light-sensitive silver 
phosphate precipitate w^ill be reduced to black metallic silver ; 
otherwise, rinse slides very carefully in repeated changes of 
aq. dest. and treat them with any photographic reducer (pyro- 
gallol, hydroqiiinone, etc.). Remove excess silver with a dilute 
solution of sodium thiosulphate. Coimterstain as desired. The 
only other substance besides calcium salts which may stain black 
under these conditions is uric acid or its salts. 

705, Iron. For all practical purposes, iron contained in the 
tissue occurs in two forms. In one group of compomids, generally 
included under the term ‘‘ hsemosiderin,” the iron reacts similarly 
to any inorganic, poorly soluble ferric compound, readily demons- 
trable by the wnll-known reactions of analytic chemistry. In the 
second group of compounds (haemoglobin, haematin, etc.) iron 
can be demonstrated only after thorough chemical destruction 
of the organic matrix (e.g., by incineration). Practically all iron 
in the tissues is present in the ferric state, although there are 
reports on the finding of small amounts of ferrous iron. 

The best fixatives for the histochemical demonstration of iron 
are alcohol, formol-alcohol and formol. All fixatives containing 
acid should be avoided because (1) they cause loss of iron by 
dissolution, and (2) some tissue elements, especially nuclei, will 
attract iron from even extremely dilute solution, and this phe- 
nomenon may lead to false localisation. 

A simple and very reliable method for the demonstration of 
iron in sections is the Prussian blue technique of Perls ( Virchows 
Archiv., xxxix, 1867, p. 39), with slight modifications. The 
section is immersed in a freshly prepared, filtered 10 per cent, 
solution of potassium ferrocyanide, to which after five minutes 
an equal volume of 10 per cent, hydrochloric acid (best analytical 
grade !) is added. Deposits of hjemosiderin will start to assume 
a greenish tinge almost immediately, and in about five to ten 
minutes the reaction will have attained its maximum intensity. 
Slides are now washed under the tap for several minutes. During 
this step white ferrocyanide which may have formed from 
ferrous compounds (if there were any present in the tissue) is also 
oxidised to Prussian blue, but to be absolutely safe, the slide may be 
dipped for a few seconds in a very dilute solution of iodine or 
hydrogen peroxide. Coimterstain with any red nuclear stain 
except lithium carmine or borax carmine which will cause bleaching 
of Prussian blue. Dehydrate, clear and mount. Sections mounted 
in Canada Balsam usually fade considerably in the course of 
months or years, but can be regenerated by simply removing 
the eoversiip with xylol- Newer synthetic mounting media, 
clarite (nevillite) are much safer. 
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For other methods, see Macallum {Quart J. Micr. Set, xxxviii, 
1895, p. 175) and Stoeltzner {CentraJht /. allg. Path. u. path. Anat, 
XXX,' 1919, p. 225). 

706. Copper. An attempt may be made to demonstrate copper 
by the same method as recommended for iron ; copper-ferro- 
cyanide will form reddish brown granules. However, this method 
is seldom sensitive enough for the minimal traces of copper 
usually present in tissues, and, in addition, the shade of the 
copper compound is very likely to be masked by Prussian- blue, 
formed from accompanying iron compounds. 

The method of Okamoto and Utamura (Acta Scholce Med. 
Kioto, XX, 1937-38, p. 573) is both very sensitive and specific. 
Fix tissues in alcohol or formol-alcohol. Incubate sections for 
twelve to twenty-four hours at 37^^ C. in a mixture consisting of 
100 c.c. of 5 to 10 per cent, sodium acetate and 2 to 5 c.c. of a 
0*1 per cent, solution of rubeanic acid (dithiooxamide) in alcohol. 
Copper stains in an intense green-black shade. Counterstain as 
desired. 

707. Lead. Frankenberger (Assoc. d'Anat, xvi, 1921, 
p. 241) and Cretin {ibid., xxiv, 1929, p. 171) fix in neutral bichro- 
mate or in Regaud’s fluid (§ 909). Lead is precipitated as yellow 
lead chromate, easily identifiable in sections. 

For Arsenic see Castel : Bull, d^hist appL, xiii, 1936, p. 106. 

For Bismuth see Castel : Bull, d'hist appL, xiii, 1936, p. 290, 

For Gold see Christeller : Verh. deutsch. path. Ges., xxii, 1927, 
p. 173. 

For Mercury see Brandino : Studi Sassari, v, 1927, p. 85. 

For Potassum see Macallum : Journ. Phys., Cambridge, xxxii, 1905, 
p. 95 ; Efgeb. Phys. Wiesbaden, vii, 1908, p. 600. 

For Zinc see Mendel and Bradley, Amer. Journ. Phys., xiv, 1905, 
p. 320. 

Organic Substances 

Carbohydrate Derivatives 

708. This group of compounds includes certain polysaccharides 
such as glycogen, starch, cellulose, tunicin, etc., and glucoproteids 
(Mucin). Only glycogen and mucin will be dealt with here. 

The histochemical staining of these substances is based on the 
liberation of aldehyde groups by the action of chromic acid and 
their subsequent demonstration by Schiff’s reagent, fuchsin- 
sulphurous acid. Aldehydic compounds of lipid nature (plas- 
malogen) give a similar reaction, but in tissues previously treated 
with lipid solvents (imbedding) there is no danger of confusion. 
The carbohydrate moiety of nucleic acids does not stain after 
treatment with chromic acid. 

The aldehyde reaction does not distinguish between glycogen 
and mucin. The two substances can be differentiated from each 


300 


MICBOCHEMIGAL TESTS 


other by tlie saliva test. If, before staining, a slide, is spat upon 
and set aside for about ten minutes, glycogen will fail to stain 
because it had been decomposed by distaste present in saliva, 
whereas mucin will stain just as in the control section. However, 
there are also specific stains known for the individual demonstra- 
tion of these substances. 

For glycogen, tissues must be fixed either in alcoholic fixatives 
or in Bouin’s fluid ; for mucin, any routine fixative, will do. 

If an osmicated fixative is used, both fat and glycogen can be 
demonstrated in the same section (Gelei’s method, Arch. /. 
Zellforsch., xi, 1918, p. 51). 

Glycogen is a mixture of two complex polymers with highly branched 
molecules ; hjo-glycogen which is soluble in water and drswo-glycogen 
which is insoluble (Myer, 1942, Natural and Synthetic High Polymers, 
New York; Carter and Record, J. Chem. Soc., 1, 1933, p. 644). 
Since glycogen molecules are linked to protein molecules, fixatives 
which rapidly coagulate proteins are excellent for the preservation of 
glycogen ; the most satisfactory fixative is alcoholic picro^fornwl {absolute 
alcohol saturated with picric acid, 9 parts ; neutral formol, 1 part). 

709. Bauer-Feulgen’s Metliod for Glycogen and Mucin (Bauer, 
Zeitsch. f. mikr.-anat. Forsch., xxxiii, 1933, p. 143). Treat 
sections with a 4 per cent, solution of chromic acid for one hour* 
Wash slides under the tap for ten minutes. Transfer them to 
Schiff’s reagent for ten minutes. Rinse in two changes of 2 or 
3 per cent, sodium bisulphite. Up to this point very little staining 
is noticeable. Wash slides under the tap for a few minutes. It is 
during this washing that glycogen and mucin will show up in an 
intense purplish shade. Counterstain with hsematoxylin. Mount 
in balsam. The stain is permanent. 

710. Langhans* Method for Glycogen {Virchows Archiv., cxx, 1890, 
p. 28). Stain nuclei fairly dark with hfiematoxylin. Pass slide to 
strong LugoFs solution (dissolve 1 pm. of iodine and 2 grm. of potas- 
sium iodide in about 10 c.c. of warm dist. water; dilute to 100 c.c.) 
for five minutes. Blot slide ; dehydrate with two changes of 2 per 
cent, iodine in absolute alcohol. Clear in xylol, mount in balsam. 
Glycogen is stained brown. 

The original method calls for oil of origanum as a clearing and 
mounting medium ; however, in our experience, xylol and balsam serve 
just as well. 

This stain is not entirely specific since amyloid and some protein 
substances stain in the same shade (apply the saliva test ! ). In addition , 
it has the disadvantage of fading, although some slides will remain 
usable for many months. 

711. Best’s Carmine Stain for Glycogen {Beitr. z. path. Anat. 
u. z. allg. Path., xxxiii, 1901, p. 585). Celloidin sections are 
preferable ; paraffin sections must be protected by soaking them 
after the second alcohol for a few minutes in a 1 per cent, solution 
of collodion in alcohol-ether. The collodion membrane is subse- 
quently hardened by dipping the slide in 80 per cent, alcohol. 
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Stain the nuclei with haematoxylin ; differentiate in acid alcohol. 
Wash sections in aq. dest. Then proceed to Best’s carmine stain. 
Make up this stock solution — 

Carmine 2 grm., potassium carbonate 1 grm., potassium chloride 
5 grm., aq. dest. 60 c.c. Boil gently for a few minutes ; cool. Add 
strong liq. ammon. 20 c.c. Keep this solution in a well-stoppered 
bottle in the ice box where it will remain usable for several months. 

For use, mix ; — 

Stock carmine solution 2 parts, liq. ammon. fort. 3 parts, 95 per cent, 
alcohol 3 parts. The mixed solution, which does not keep well and 
should be prepared fresh, must be completely clear. If it is turbid it 
must be filtered before use. Staining time is five minutes. Differentiate 
in 60 per cent, alcohol till no more red comes out (three to five minutes). 
Dehydrate, clear, mount. Glycogen stains red. The stain is perma- 
nent. This stain is not absolutely specific ; sometimes mucin, fibrin 
and mast cell granules also stain red, although usually in a much 
lighter shade. 

712. Smyth and Hopkins’ Alcoholic Bouin Ester Wax Method, 

(J. D. Smyth and A. Hopkins, Q. J. M. S. in press.) These 
workers have shown that glycogen is very, impermeable to 
wax, hence it is only retained in wax sections if material has 
been imbedded for a long time (Le., overnight), which accounts 
for the fact that celloidin imbedding has usually been used in the 
past for glycogen-containing material. Wax imbedding can be 
used but great care is required during the imbedding and section- 
ing, and it is not recommended. The above workers use Steedman’s 
Ester wax (see § 182) instead of celloidin ; the method is more 
rapid and allows very thin sections to be cut ; proceed as follows : 

Fix (small pieces) in alcoholic picro-formol, two hours ; absolute 
alcohol (3 changes), twelve to twenty-four hours ; absolute 
alcohol-ester wax (1 ; 1), two hours ; pure ester wax, three hours ; 
pure ester wax, twelve hours — overnight. 

Sections may be cut with ease at 5fi and flattened on albumen- 
water in the usual way and stained in Best’s carmine, iodine or 
Bauer-Feulgen using the excellent modifications of Dr. Caroline 
Bensley {Stain Tech,, 14, 1939, p. 47), who emphasises that 
the fixative should be gently agitated to allow rapid penetration. 
No precautions against loss of glycogen are necessary by this 
method ; sections brought down to water may remain standing 
in water for several days without glycogen loss, 

713. Mayer’s Mucicarmine Stain for Mucin {Mitt, ZooL StaL 
Neapel, xii, 1895-97, p. 303). Stain nuclei with haematoxylin. 
Make up stock solution : Boil 1 grm. of carmine and 0*5 grm. 
of aluminium chloride with a few c.c. of water until the mixture 
becomes deep red but transparent. Add, while stirring the 
mixture continuously, 100 c.c, of 50 per cent, alcohol. Allow 
mixture to stand for twenty-four hours, filter. Use stock solution 
as it is, or dilute it with up to 4 parts of 50 per cent, alcohol. 
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Mcire concentrated solutions stain faster, but somewhat less 
selectively. Staining time is fifteen minutes to several hours. 
The section should be examined under the microscope at intervals, 
and as soon as mucin stands out bright red rinse slide briefly 
In aq. dest., dehydrate and mount. Overstaining will result in a 
fairly intense pink background. 

714. Metachromatic Staining of Mucin. A number of basic blue 
stains impart a reddish metachromatic shade to complex esters 
of sulphuric acid (chondroitin- and mucoitin-sulphuric acid, 
heparin). This metachromasia is considerably reduced by subse- 
quent alcohol treatment ; therefore, if maximum contrast is 
desired, sections should be mounted in glycerine jelly (in which, 
however, they do not keep well) . In our experience the best method 
is that of Metzner {Ahderhaldens Randh. d. hiochem, Arbeitsmeth., 
voL viii, p. 185) ; Mordant sections for about forty-five minutes 
in a 5 per cent, solution of ferric alum, rinse, and stain with a 
0*05 to 0-1 per cent, solution of thionin or toluidine blue for 
about twenty minutes. Differentiate in 50 per cent, alcohol, 
dehydrate rapidly in abs. alcohol, clear and mount. Nuclei 
stain blue, mucin, ground substance of cartilage and granules 
of mast cells, purple to reddish. See also Eiver and Hanson, 
Journ. R, Micr, Soc., vol. Ixv, 1945, 

715. Ascorbic Acid. The histochemical demonstration of this 
substance (Gmoun and Leblond, Convpt, rend, Soc, BioL, cxv, 
1984, p. 705) is based on its almost unique property of reducing 
silver nitrate in an acid medium. The reagent is made up of a 
2 to 5 per cent, solution of silver nitrate containing about the 
same percentage of acetic acid. Since ascorbic acid is very 
diffusable and easily oxidised to a non-reducing form, tissues 
must be perfused without delay or unfixed frozen sections treated 
immediately with the reagent. Failure to observe this rule will 
result in false negative reactions or untrue localisations, owing 
to displacement of asorbic acid by diffusion. After a few minutes 
the unreduced excess silver is removed by treating the tissue 
with several changes of dilute sodium thiosulphate. Further 
treatment (i.e., imbedding and staining) is the same as for any 
other tissue. The presence of asorbic acid is indicated by black 
granules of metallic silver. It should be mentioned that Baenett 
and Fishee (J. Exp. BioLy XK , 1944, p. 14) doubt the accuracy 
of its localisation. 

Enzymes 

716. The enz3mes capable of demonstration by routine histo- 
chemical procedure fall into two groups: Oxidative and Hydro- 
lytic Enzymes. The members of the first group are phenol oxidases 
(whether one or several, is still unsettled) which oxidise phenols 
Under specified conditions ; peroxidases which oxidise a variety^ 
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of substances in the presence of hydrogen peroxide ; and dopa 
oxidase which oxidases dioxyphenylalanine to melanin. The 
hydrolytic enzymes are alkaline and acid phosphatase and lipase 
(esterase). 

717. Oxidative Enzymes. A/Phenol oxidases. The simplest 
method is the original “ nadi ” technique of Winkler {Folia 
hmnat., vii, 1907, p. 323) and Schultze {Beitr. z. path, Anat, 
u, z. allg. Path., xlv, 1909, p. 127), designed primarily for blood 
smears. However, phenol oxidases can be demonstrated also in 
frozen or celloidin sections of formalin-fixed material ; in fact, 
some of them are heat-resistant and will show up even in paraffin 
sections. 

Fix tissues in formol (blood smears are fixed in formol, 1 part, 
alcohol, 4 parts). Prepare the following two solutions : (1) Simmer 
gently 1 grm. of alpha-naphtiiol in 100 c.c. of aq. dest. Add, 
while stirring constantly, a 20 per cent, solution of potassium 
hydroxide drop by drop till the naphthol is completely dissolved. 
Cool the solution and keep it well stoppered in the ice box, where 
it will remain usable for two or three months. (2) Dissolve 0*5 
grm. of dimethyl-p-phenylendiamine hydrochloride (this salt is 
much more stable than, and preferable to, the base recommended 
by Winkler and Schultze) in 50 c.c. of aq. dest. This solution 
will keep in the ice box for about one month. For use, mix equal 
volumes of solutions 1/ and 2/; filter the mixture. Immerse 
slides or sections (previously rinsed in aq. dest.) in the mixture 
for two to five minutes. Oxidase granules stain in the intense 
blue shade of indophenol blue. Wash in aq. dest. Counterstain 
nuclei as desired. Mount in glycerine jelly. The stain is semi- 
permanent. 

For other techniques see Loele {Zentralbl, Path., xxx, 1920, 
p. 614), Graham, J. Med, Research, xxxv, 1916, p. 231), and Sato 
(J. Lab. and Clin. Med,, xiii, 1927-28, p. 1058). 

718, B/Peroxidases. The most important application of the 
peroxidase reaction is the demonstration of haemoglobin. By 
far the best technique is the zinc-leuco test of Lison {Corrupt, rend, 
Soc, Biol., cvi, 1931, p. 1266). Fix preferably in Slonimski’s 
fluid (2 to 4 per cent, potassium ferricyanide in 5 to 10 per cent, 
formol ; to be firepared fresh) or in formol. The best results are 
obtained with frozen sections ; after celloidin imbedding the 
results are somewhat less good and after paraffin imbedding they 
are definitely inferior. Prepare the staining solution by dissolving 
0*5 to 1 per cent, of either patent blue, acid violet or acid fuchsin 
in 2 per cent, acetic acid. A few grains of zinc dust is added to 
each 100 c.c. of the solution which is now heated until the dye is 
decolorised to a faint yellowish shade. The leuco-dye will keep 
in the ice box almost indefinitely and can be regenerated in case 
of darkening by simply heating the mixture. For use, filter 
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about 10 e.e., add to the filtrate 0*5 c.c. of acetic acid and 1 c.e. 
of coiriniercial (3 per cent.) hydrogen peroxide. Immerse sections 
in this mixture for two or three minutes. Haemoglobin will stain 
selectively and intensely in the shade of the dye used. Coimter- 
stain as desired ; dehydrate, clear and mount. The stain is 
permanent. See also Eiver, Q. J. M. S., voL 82, 1941 ; Ziegler, 
Cana(LJ,Bes>,2S,194f5. 

719. C/Dopa oxidase (Bloch, Arch, f Derm. u. Syph., cxxiv., 
1917, p. 129, modified by Laidlaw, Am. J. Path., viii, 1932, p. 491). 
Use frozen sections of fresh tissue or of tissue fixed for a maximum 
of five hours in formalin. Make up the following stock solutions : 
1/0-1 per cent, solution of dihydroxyphenylalanine in aq. dest. 
Keep it in the refrigerator ; it is usable as long as it remains 
practically colourless or, at most, faintly reddish. 2/M/20 solution 
of dibasic sodium phosphate (Na2HP04.2H20). Dissolve 4-5 
grm. of the salt in 500 c.c. of aq. dest. 3/M/20 solution of mono- 
basic phosphate (KH2PO4). Dissolve 3*5 grm. of the salt in 
500 c.c. of dist. water. The optimum pH range for the enzymatic 
reaction is from 7-3 to 7-5 ; a buffer in this range can be obtained 
by mixing 4 parts of solution 2/ with one part of solution 3/. 
Below pH 7*3 the reaction is very slow ; above 7*5 it is too fast 
and, in addition, the substrate has a tendency to spontaneous 
oxidation wliich may result in an indiscriminate precipitation of 
melanin all over the tissue. However, if desired for special reasons, 
the pH of the buffer may be lowered by adding more of solution 
3/ or raised by adding more of solution 2/. For use, add 1 part 
of the mixed buffer to 3 or 4 parts of the hydroxyphenylalanine 
solution. Rinse sections very briefly and incubate them with the 
mixture at 37® C. They should be examined about every thirty 
minutes ; the appearance of a sepia-brown shade indicates com- 
pletion of the reaction. Wash sections ; counterstain as desired, 
dehydrate, clear and mount. 

720. Hydrolytic Enzymes. The steps are the same for all 
enzymes of this group up to the stage of incubation of the slides 
in the buffered substrates. Fix thin slices of fresh tissue in chilled 
acetone. Keep the fixing jar in the refrigerator for twenty-four 
hours. Embed through 2 more changes of acetone, 2 changes 
of alcohol-ether, 1 change of 4 per cent, celloidin (twenty-four to 
forty-eight hours) and chloroform in paraffin. This celloidin 
infiltration, although not absolutely necessary, is highly recom- 
mended because it imparts firmness to the tissues which other- 
wise often become rather brittle. The temperature of the paraffin 
oven should not exceed 56® C., and tissues should not be exposed 
to this temperature for more than two hours. Run slides throu gli 
xylol and alcohols to water. 

721. A/AIkaline Phosphatase (Gomoei, Proe. Soc. Ewp. Biot and 

Med., xlii, 1989, p. 28 ; Takamatsu, Transact. Soc. Path. Jap., 
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xxix, 1939, p. 492). Incubate slides in the following mixture at 
C. for one or two hours. 

2 per cent, solution of sodium barbital. 

2 per cent, solution of sodium glycerophosphate . 25 c.c. each 

2 per cent, solution of calcium chloride . . 5 c.c. 

2 per cent, solution of magnesium sulphate . 2 „ 

Aq. dest. . . . . . • . 50 „ 

Wash under the tap. Immerse in a 1 to 2 per cent, solution of 
any soluble cobalt salt (chloride, nitrate, acetate) to convert 
enzymatically precipitated calcium phosphate into cobalt phos- 
phate. Rinse thoroughly under the tap. Immerse in a dilute 

solution of yellow ammonium sulphide (a few drops to a Coplin 

jarful of aq. dest.) for one to two minutes. Cobalt phosphate is 
transformed into black cobalt sulphide. Wash under the tap. 
Counterstain as desired. Dehydrate, clear and mount. Sites of 
phosphatase activity are black. 

Refer to Gomori’s modification for use in the study of calcification 
{Am. J. Path,, 1943, 19, 197). This can only be applied to tissues not too 
hard to be cut without decalcification since the ordinary processes of 
decalcification destroy alkaline phosphatase. Lorch has recently 
described a further modification of Gomori’s technique which makes 
it po'ssible to demonstrate phosphatase in decalcified bone {Nature, 
1946^ 158, 269 ; Quart. J. Microscop. Sc., 1947, 88, 367). She 
suggests fixation of small pieces of bone in 80 per cent, alcohol. After 
bringing to water they are left in a citrate — ^HCl buffer at pH 4-5, to 
every IGO c.c. of which 0*2 c.c. 1 per cent. ZnS 04 has been added, until 
decalcified, the liquids being changed daily and kept at 10° C. Decalci- 
fication is hastened by letting a stream of air run through the liquid. 
The time for decalcification varies from three to fourteen days according 
to the size and consistency of the bone. After washing in water the 
enzyme is re-activated by placing the tissue for three to six hours at 
37°C. in a 0-075 per cent, solution of glycine in 1 per cent, sodium 
barbitone. The tissue is then thoroughly washed in running water, 
dehydrated and imbedded in paraffin. Phosphatase is demonstrated 
in the sections by the original technique as described here. 

722. B/Acid Phosphatase {Qouam., Path., xxxii., 1941, p. 189). 
Incubate slides in the following mixture at 37°* C. from one to 
twenty-four hours : Molar acetate buffer pH 5 (100 c.c. of 13-6 
per cent. CHgCOONa.SHgO -f 50 c.c. of 6 per cent, acetic acid), 
30 c.c. ; 5 per cent, lead nitrate, 10 c.c. ; dist. water 60 c.c. ; add 
slowly, while stirring 2 per cent, solution of sodium glycerophos- 
phate, 50 c.c. Shake well. Keep in refrigerator. Before use, 
filter a small amount and dilute with 2 or 3 parts of aq. dest. 
Rinse slides thoroughly first in dist. water, then in 2 per cent, 
acetic acid, followed again by distilled water. Immerse in dilute 
ammonium sulphide as above. Wash. Counterstain as desired. 
Dehydrate, clear and mount. Sites of acid phosphatase activity 
are brown -black (modified technique). 

The long incubation times for acetone-fixed, paraffin-imbedded 
tissues suggest that the enzyme has been considerably inactivated. 
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Since the process of paraffin imbedding might be responsible for 
some of tliis, frozen sections would probably show greater activity. 
But frozen sections of acetone-fixed material are very difficult 
to handle. Acetone was selected as the best fixative by Gomori 
because he found that other fixatives, including formaldehyde, 
completely destroyed acid phosphatase almost immediately 
(Arch. Path. , 1941, 32, 189). 

Dr. Jessop (communicated) found that frozen sections of tissues 
fixed overnight in 5 per cent, formaldehyde showed much greater 
acid phosphatase activity than those fixed in acetone and cut in paraffin 
as described by Gomori. (Communicated to Royal Acad. Med. in 
Ireland, Jessop and Stewart, 1943; Jessop, 1945. Communicated to 
Physiol. Soc., Jessop, 1944, 1945). By this technique many 

tissues show' evidence of acti%dty after thirty minutes’ incubation and 
in all cases the reaction was w’-ell marked in one to two hours. No 
question of an incubation period of twenty -four hours ever arose. In the 
case of the prostate activity was clear after five minutes’ incubation 
and intense after ten to fifteen minutes. 

These findings were compared by estimating chemically the acid 
phosphatase activity of tissues which had been fixed in acetone and 
in formalin and then ground up in water till the suspension could be 
measured with a pipette. The activity of the suspension of formalin 
fixed tissue was approximately ten times that of the suspension of 
acetone fixed tissue in the case of liver, kidney and testis. 

King et al. have since shown that the addition of formaldehyde to 
an extract of fresh tissues does not interfere with acid phosphatase 
activity in the case of the prostate, but rapidly causes complete inhibi- 
tion of the enzyme in red blood cells (Biochem. J., 1945, 39, xxiv). 
Very recently Abul-Fadl and King have extended these observations 
and have reported inhibition of activity up to 60 per cent, in acid 
phosphatase extracts from other tissues (J., Clin. Path. 1948, 1, 80). 

C/Lipase (Gomoei, Ptoc. Soc. Exp. Biol and Med., Iviii, 1945, 
p, 362). Slides should be protected before staining with dilute 
collodion as described in the paragraph on Best’s carmine stain 
for glycogen. Incubate slides in the following mixture at 37° C. 
for six to twenty-four hours : — 

Stock Solution 1 : — 

Glycerine . ... . . . 150 c.c. 

10 per cent, solution of calcium chloride . . 50 „ 

M/2 rnaleate buffer pH 7-7 -4 (5-8 grm. of maleic 
acid dissolved in a mixture of 94 c.c. of 4 per 
cent, sodium hydroxide and 6 c.c. of water . 50 „ 

Aq. desk, to make . . , . . 1000 „ 

Stock Solution II : — - 

5 per cent, aqueous solution of Tween 40 or 60 (Atlas Powder 
Co., Wilmington, Del.) or of Product No. 81 (Onyx Oil and 
Chemical Co., Jersey City, N.J.). 

These substances are water soluble synthetic esters of long- 
chained fatty acids.* 

# “Tween 40” is Polyoxyalkylene sorbitan monopal mitate. ‘‘Tween 60 ” 
is Folyoxyaikylene sorbitan monostearate. Product No. 81 is a stearic ester 
of polyglycol. 
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For use, add 1 c.c. of stock Solution II to 50 c.c. of stock Solu- 
tion I, Rinse slides in aq. dest. Transfer to a 1 to 2 per cent, 
solution of lead nitrate for ten minutes. Rinse in repeated 
changes of aq. dest. Immerse in dilute ammonium sulphide as 
above. Wash. Counterstain lightly with hsematoxylin and 
eosin, dehydrate in alcohols, clear in tetrachloroethylene or 
gasoline (petrol) and mount in synthetic balsam dissolved in the 
same solvents. Do not use xylol or toluol which will cause fading 
of the slides. Sites of lipase (esterase) activity are stained in a 
golden brown shade. 



CHAPTER XXIX 


PROTOZOA* 

723, Introduction. At the outset great emphasis must be laid 
on the necessity for examining ail protozoa alive, and as nearly 
as possible in their natural conditions, whether they be parasitic 
or free-living forms. 

For this reason it is essential, when making preparations for 
the microscope, to mount the protozoa in their natural medium, 
or one isotonic with and approaching as nearly as possible to it. 
Salme solutions, including Locke’s and Ringer’s mixtures (see 
appendix), are varied slightly for use with paraisites and tissues 
bf different animals. 

It is also most important for the medium to have the same 
reaction (H-ion concentration or pH), ix.y to be neither more 
acid nor more alkaline than the natural medium. White of 
egg added to a mounting medium for examining protozoa over 
long periods has the advantages of preventing bacterial growth 
to some extent as well as supplying a colloid. 

Much advance has recently been made in methods of main- 
taining protozoa in artificial culture over long periods. Such 
cultures facilitate enormously the study of life histories, besides 
affording the great convenience of having a supply of the organisms 
at hand in the laboratory. Before dealing, therefore, with the 
action of any special reagents on protozoa, some of the chief 
methods by which they may be cultivated will be indicated, 

L CULTIVATION OF FREE-LIVING PROTOZOA f 

724, Collection. Notwithstanding the wide distribution of 
many protozoa, it may be a matter of considerable difficulty 
to collect enough specimens for class or research purposes. 
Pelagic forms may, of course, be collected by tow-netting, etc. 
(See The Microscope and its Revelation, Caefenter and 
Ballinger, 1901, or Fresh Water Biology, Ward and Whipple, 
1918.) Sedentary and many other forms from below the sur- 
face may have to be picked out by examining weed, mud, etc., 
with a lens. Occasionally good temporary cultures of a required 
form can be obtained by keeping tow-nettings in water from the 
same source and supplying food ; e,g., we have had on several 
occasions, from April to June, good supplies of Stentor by leaving 

* ByH. F. G. ' 

t Refer also to § 1217. Chapter XLIV, 
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tow-iiettiiigs from the Clierwell in river water (^H approx. 8) to 
which wheat grains were added. The pelagic Stentor settle down, 
secrete houses and multiply. Howevei% after ten days or so this 
dominant form is replaced by Actinosphaerium, which feeds on it. 
The prevention of cycles of organisms, is, in fact, the chief difficulty 
in obtaining permanent mass cultures of any special form. 

725. Cultivation of Amoeba proteus. Tayloe {Quart. Journ. 
Micr. Sci., 1924s 69, p. 119) has since 1915 investigated the 
conditions under which this organism will complete its life history 
in artificial culture. 

The medium used is boiled rain-water,* containing about 
twenty-two wheat grains to the litre (the wheat is boiled to 
prevent germination). The optimum reaction of a flourishing 
culture containing numerous large active amoebae is about pH 6-6, 
and sub-cultures need only be made every three months or so. 
Into the new culture fluid should be carried over several cubic 
centimetres of the old culture, including organisms on which the 
amoebse are feeding, as well as algae, to keep the water oxygenated. 

The cultures are best kept in large covered glass vessels in 
which the medium has a depth of 2 or 3 in., though smaller 
vessels may be used. They should be kept towards the back of 
a room away from bright light. Under these conditions the 
cultures can be kept with very little trouble indefinitely. 

Sometimes difficulty is experienced in starting a culture owing 
to the presence of enemies to the amoeba, such as oligochaetes, 
ostracods, etc,, and it may be necessary to make several sub- 
cultures to eliminate these. Small rotifers, especially the red 
rotifer (of rain barrels), have proved themselves to be useful in 
small numbers as scavengers in amoeba cultures. If only few 
specimens can be found with which to start a culture, it is well to 
use only a small amount of medium and place it in a test-tube 
or Petri “dish until the correct conditions are established. 

Conditions which induce encystment of A. proteus are still being 
investigated, I understand from Sister Monica Taylor that these rest 
with the individual amoeba rather than with the culture medium, 
and that the only way by which one can hope to encourage encystment 
is to starve large specimens which have recently fed voraciously. She 
has also come to the conclusion that the lowered pH often found in 
cultures containing many cysts and young amoebse is probably the 
result rather than the cause of encystment, the acidity being due to 

* In some districts the tap-water is suitable, but here in Oxford and many 
other places the water is “ hard.” Part of this hardness (temporary hard- 
ness — so called because it can be removed by boiling) is due to the presence 
of carbonates of the alkali and alkaline earth metals, kept in solution as 
bicarbonates so Jong as there is COg in the water. The pH may or may not 
be too high for the cultivation of any special protozoa to start with (here it 
is generally 7-6). However, when placed in shallow vessels, water containing 
COg will tend to lose it, and consequently the water will become more alkaline 
(see below, § 720, under Spirostomum). 
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tile decomposition of the residual cytoplasm of the mother amoebae 
after tlie cysts have been liberated. Life histories of other large 
amoebaj are also being studied by her (ibid,, 1944, 84, p. 295). 

More elaborate methods of cultivating amoebae have been devised 
by ScHiEFFER (Carnegie InsHt, xxiv, 1926) to imitate running water 
and other conditions in Nature, but for ordinary laboratory purposes 
the above described closed mass cultures are satisfactory, 

726. General Notes on Cultures in Aqueous Media. The 
acidity of a culture containing algae can, of course, be reduced 
and its pR proportionally raised : — 

1 . By stirring and shaking or keeping it in a shallow vessel 
with a relatively large surface exposed to the air, thus enabling 
the CO 2 to escape. 

2 . By placing the culture in a bright light, since during photo- 
synthesis CO 2 in the water is broken up. 

3. By the addition of minute quantities of alkalies, such as 
NaHc 63 , NaOH, etc. 

Conversely, the pH soon falls if the culture is made in a test- 
tube, where a comparatively small surface of the medium is 
exposed to the air, for then the COg produced accumulates in 
the liquid ; or COg may be passed into the medium. (When 
there is only a small amount of medium in a test-tube, for example, 
a suitable indicator may easily be made to change colour by simply 
breathing into the tube (Saunders, Proc, Camb. PhiL Soc,, 
1925, p. 249). Other acids may be added instead of COg, such as 
very dilute hydrochloric acid. Taylor has used tartaric acid 
for increasing the acidity of amoeba cultures but finds that it 
encourages detrimental bacteria ; she has had some success in 
eliminating undesirable organisms from cultures by temporarily 
making the pH unsuitable to them ; or by adding chemicals, e,g,, 
ferrous sulphate for getting rid of tiresome blue-green algae. 

It is quite impossible to deal adequately here, with the very 
numeroxis methods devised for keeping isolation or mass cultures 
of various free-living protozoa, from the time of Maupas {Arch. 
ZooL Exper., 1888) onwards. 

Everyone knows that Paramoecmm, for instance, can very easily 
be cultivated in hay infusions. Other media successfully used are 
infusions of decaying leaves, suspensions of malted milk, boiled flour 
water, as w’ell as water containing wheat. Taylor keeps Actino- 
sphierium successfully in aquaria with high pH by feeding them on 
the rotifer, Chydorus or others of the numerous animals they will 
devour. 

For Spirostomum amhiguum, Saunders (ibid,, 1924, p. 192) finds 
media of pH8 and above are toxic. Therefore, unless a soft ” water 
is used for a medium, the cultures must be kept in long, narrow tubes 
(Bishop, Quart. Journ. Micr. Sci., 1923, 67, p. 405). Jenkin (Brit. 
Journ. Exper. Biol.^ 1927, iv , p. 377) concludes that an increase in 
alkalinity above pH7*4 makes the body wall more permeable to water, 
the result being that animals swell up and burst. 
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Isolation cultures may be made by the hanging drop ” method and 
sub-cultures made daily. Woodruff kept Paramecium aurelia living 
continuously for seventeen years on the same bacterial diet. Actino- 
bolus radmis has been kept through 448 generations in sterile spring 
water with Halteria grandinella as food. The generations are isolated 
daily, the cultures being kept in small capsules. Similarly, Spathidium 
spathula was observed through 218 generations with Colpidium colpoda 
only as food (Moody, Journ. Morph,, 1912, xxiii, p. 349). 

There are numerous other media in which amoebae, flagellates and 
ciliates will flourish. Such cultures are very often kept in test-tubes 
plugged with cotton-wool to keep them sterile, as is usual in dealing 
with bacteria. For keeping living protozoa under observation at high 
magnification for long periods a droplet of a culture in water may be 
injected into a drop of medicinal paraffin oil on a cover slip so that the 
water droplet adhering to the glass is surrounded by the oil. The 
injection is best done by blowing through a rubber tube attached to a 
pipette and if the droplet is small enough the organisms will come up 
close to the cover glass and can be examined with high powers for a 
long time. The oil surrounding the water containing them is non- 
toxic and prevents evaporation yet allows the passage of oxygen and 
carbon-dioxide. 

In this simple way I have been able to keep under observation for 
more than three weeks Paramoecium and other ciliates, euglenoids and 
other flagellates, also amcebse, and to observe feeding, fission and 
encystment. 

CoMANDON and de Fonbrune (Ann. Inst. Pasteur, 1938, 60, 
p. 113), gives more precise methods of arranging the oil chamber 
and for using it for micro-manipulations. See also § 610. 

727. Simple Synthetic Media. During the last twenty -five years 
interesting experiments have been done by Peters (J. Phys., 
1921, Iv, p. 1) and others simplifying the medium used for cultiva- 
tion of protozoa. A saline solution used in the Department of 
Biochemistry, Oxford, has the following composition ; — 


NaCl 



. 0-5 grm 

KCl . 



. 0-01 „ 

CaCla anhydrous . 



• 0-02 „ 

Mg^SOs . 



. 0-01 „ 

AmCl 



• 0-1 „ 

Glass-distilled OH 2 



. 1000 c.c. 


To this may be added shortly before sterilising 0*3 grm. (i.e. 0*03 
per cent.) sodium glycero-phosphate. This sodium salt, being in 
the form of stable crystals, is found to be more convenient than 
the ammonium salt originally used and is equally good so long as 
ammonium chloride is added to the saline solution, as above. 

Small differences in the percentages of the salts have in general 
little effect, and one finds, as with Ringer’s and Locke’s solutions 
(p. 731), that different workers sometimes vary the formula 
slightly. The salts should be, of course, guaranteed pure: Colpidium 
colpoda lias been grown for many years in the Biochemical Depart- 
ment in a medium of approximately half the above strength 
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coiitaiiiing heat-sterilised yeast. Experience has shown that 
20"^ C. is the best temperature for growth and the optimum 
pll 7*3-" 7-4. This species has also grown well for some time in a 
medium consisting of sterile yeast in Peter’s saline only. 

Now that protozoa can be sterilised by several methods (Taylor 
and WagtendonKj PhysioL ZooL, xiv, 1941, p. 431) much useful 
work is being done on their cultivation in sterile media. Pring- 
SHEiM (Pure Cultures of Algce, 1946, Camb. Univ. Press) recom- 
mends using pure cultures of algse as food. Lilly {Physiol. ZooL, 
1942, XV, p. 146) found that for the continued growth of carnivorous 
ciliates, such as Stylonychia, a diet of those ciliates which will 
grow in media containing yeast or other vegetable matter was 
not enough and that a supplementary growth factor was necessary. 
This he concluded was water-soluble but not identical with any 
of the known vitamins of the B complex. 

Paramoecium multinucleata was established in sterile culture 
by Johnson and Baker {Science, xcv, 1942, p. 333) in a yeast 
juice medium sterilised by filtering {not by heat) and they con- 
cluded that most holozoic protozoa would not grow on heat- 
treated culture media as their only food. 

728. Cultures on Solid Media. Many coprozoic forms, as well 
as small free-living amoebae and flagellates from soil, water, etc., 
will grow well on a solid agar medium prepared as for bacterio- 
logical use in test-tube slopes or Petri dishes (plate cultures). Of 
the many formulse for making suitable media, that devised by 
Musgrave and Clegg for cultivation of amoebae has been much 
used 

Agar '■ ■■ . . 

■ NaCl. ' ^ . 

Liebig’s beef extract . 

Distilled water . . 

Robertson {Quart, Journ, Micr* ScL, 1932, 75, p. 540) used an 
egg agar with Peters’ medium very successfully for growing Bodo, 
She also used a 2 per cent, agar in which was ineorporated about 
18 per cent, of Peters’ medium for Mastigammba growing with a 
suitable bacillus. By flooding this medium in Petri dishes with 
more Peters’ medium “ pond ” cultures were obtained in which 
Chlamydophrys *or small flagellates, such as Bodo, flourished 
exceedingly. 

Here again it has been found that when a suitable bacterium is 
present, amoebse will grow well on agar and Peter’s saline without 
the addition of a glycero-phosphate. 

The material containing the amoeba to be cultivated is placed 
on the surface of the agar in a drop of the saline, and the amoebae 
as they grow will generally move away from this centre of inocula- 
tion. The bacteria or other organisms present serve as food, so 
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long as they are not deleterious or too numerous. To guard 
against drying of the surface of the medium — tubes should be 
covered with a rubber cap or kept in a moist chamber — ^plates are 
generally inverted and some water placed in the lid of each. 

After a period of division the amoebae encyst. On transference 
to new media, the cysts will usually hatch and give rise to a new 
culture, even though they have been kept on the old medium for 
months or even years. The common coprozoic amoeba, Dimastig- 
mnceha {Ncegleria) gruberi, multiplies under suitable conditions for 
five or six days, and then encysts. It should be sub-cultured every 
week or so to prevent overgrowth by other organisms. It is well 
known that if some of these amoeba be placed in a drop of rain 
or distilled water on a slide and kept in a moist chamber for one 
to several hours, many of them will produce a couple of flagella 
and move rapidly about searching for pastures new. Noland’s 
mixture (§ 778) is recommended for demonstrating these flagella 
in their various stages of development. 

Pure cultures of an amoeba may be obtained from a single 
active organism or a cyst by removing one of these by the Barber 
technique (PhiUppme J. Sci,, B, 1914, ix, p. 307). The following 
simple method, devised by Drew, may be used to start a culture 
from a single cyst provided it be large enough to be seen with a 
low magnification. 

729. Separation of a Single Cyst with a Capillary Pipette. To 
make the pipette, take a capillary glass tube about 6 cm. long 
and i mm. in diameter. Flame the centre and draw out quickly 
to the fineness of a hair. Break off the two outer pieces, about 
5 cm. from each end, to obtain two short pipettes, consisting of a * 
wider portion and a very fine capillary portion. 

Next select a culture of the amoebse, rich in cysts, add a drop 
of sterile water, and rub a portion of the growth into this with a 
sterile platinum wire. Allow a minute portion of this emulsion 
to run into the capillary end of the prepared tube, and then run 
in sterile water till about 0*5 cm. of the broad portion of the tube 
is filled. Mix the contents of the tube by vigorous rotation. 

Now prepare an agar film on a microscope slide, by melting 
the medium in one of the stock tubes and pouring a few drops 
on to a slide. Allow this to set. Place on the microscope stage 
and focus the upper surface with an inch objective. Tap out on 
to filter paper some of the liquid in the capillary tube, and then, 
whilst looking through the microscope, gently touch the film with 
the fine end of the pipette. A small volume of the suspension of 
cysts will run on to the jelly and will spread out in an area which 
is quite visible, and which occupies only a small portion of the 
field. If no cyst is present, or if there should be more than one, 
place another drop on a fresh film and repeat till a single cyst is 
obtained on the film. The method is simple, and with practice 
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one can make half a dozen such cultures in an hour. Place the 
slide film surface downwards above water in a Petri dish (this is 
conveniently done by resting it on two corks), and cover the dish. 
Examine day by day, till numerous arnceb^ are found, and then 
allow them to encyst. From this culture cysts may be inoculated 
into an ordinary test-tube slope, and so cultures obtained of the 
one species of amoeba feeding on any bacteria that happen to be 
carried over in the inoculum with it — sub-cultures being made as 
often as desired. Most soil amoebse appear to feed upon almost 
any of the common bacteria, but there is a considerable element 
of luck as to whether its favourite food will be carried over at every 
sub- culture. It is better, therefore, to determine for which of the 
many organisms present the amoeba, being cultivated, shows 
preference and then to try to obtain it in pure culture. 

730. To obtain a Culture of One Species only of Amoeba feeding 
upon Bacteria of only a Single Species — a ‘‘so-called” Pure 
Mixed Culture. To a tube containing a culture in which the 
amoebae have mostly encysted, add hydrochloric acid solution 
strong enough to kill all organisms except the encysted amoebse, 
(Some soil cysts are said to tolerate 2 per cent, hydrochloric acid 
for twenty-four hours, but others may be killed in much less 
time by acid only one-tenth that strength, and preliminary 
experiments will be necessary. Dobell {Parasitology ^ 1927, xix, 

N 

p. 288) finds that E, histolytica cysts can survive in — HCl. {ix., 

0*36 per cent.) for as long as three hours at ordinary temperature, 
N 

whereas — kills all active amoebae in ten to thirty minutes). Then 

pour off the acid, neutralise with sodium bicarbonate, and 
thoroughly wash the cysts on the slope with sterile water. With 
a platinum loop scrape off the cysts and inoculate into a fresh 
tube of medium, adding a loopM of a dilute emulsion of the 
bacterium with which it is desired to cultivate the amoebae. 

Of course, precautions against infection must be observed 
throughout and cultures are generally kept in tubes plugged with 
cotton-wool. It is, however, possible to lessen the risk of con- 
tamination of plate cultures by inverting them into a little mercuric 
chloride solution in the lids. 


IL CULTIVATION OF BLOOD PROTOZOA ^ ^ ^ ^ 

731. Trypanosomes and many other flagellates can be cultivated 
on blood ugar, of which N.N.N. medium is the most important. 
Malarial parasites, first cultivated in vitro by Bass and Johns 
{Journ, Exper, Med,, 1912, xvi, p. 567), and other intracellular 
forms are more difficult to cultivate than those free in the plasma. 
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In all these processes it is most essential to avoid all bacterial 
contamination, consequently aseptic conditions must prevail 
throughout. For details text-books on Bacteriology or Wenyon’s 
Protozoology should be consulted. 

IIL CULTIVATION OF INTESTINAL PROTOZOA 

732. The numerous media, ivhich have recently been used 
for cultivating ent amoebae, ciliates and flagellates from the ali- 
mentary canal of man and other vertebrates, all consist of a 
saline solution containing nutriment material, such as serum, 
ascitic fluid or egg. They may be used liquid or solid {by coagu- 
lating the egg or serum or by the addition of agar, etc.), and 
many of the media now most used (§§ 734, 1225 et $eql) consist of 
a liquid and a solid. The following are some of the most 
important media : — 

733. Serum-Saline-Citrate medium consists of 0*5 grm. 
Loffler’s dehydrated blood serum in 100 c.c. distilled water 
containing 0*7 grm. sodium chloride and 1 grm. sodium citrate 
(Andbews, Journ, Parasit, 1926, xii, p. 148 ; Tanabe, ibid, 
p. 101). To maintain Trichomonas from man, rat and other 
warm-blooded vertebrates in this medium sub-cultures have to 
be made every two or three days by introducing a drop of 
three-day culture into a fresh tube of medium and incubating at 
35° to 37° C. 

Trichomonas from amphibia grow better at room temperature, 
and in a medium containing rather less sodium salts. To these 
media may be added 1 or 2 c.c. of white of egg, which exerts some 
bactericidal action. 

Hogue’s Egg Medium {Amer. Journ, Trop. Med., 1921, i, p. 211). 
A clear medium with a granular sediment made by shaking up a 
whole egg in a flask with glass beads and adding 200 c.c. Locke’s 
solution. The mixture, kept constantly moving, is heated over a 
water bath for fifteen minutes and then filtered through cotton- 
wool. Five to 6 c.c. are placed in each test-tube and sterilised in 
an autoclave for* twenty minutes at 120° C. 

In this, Hogue has obtained pure line cultures of Trichomonas by 
starting with a single individual. 

Embadomonas from various sources, as well as Trichomonas, grow 
well in the medium ; parasites from warm-blooded animals being 
incubated at 35° to 37° C., while those from cold-blooded animals 
grow best at ordinary room temperatures. 

Amcebse of cold-blooded vertebrates (turtle and frog) have been 
cultivated in a very simple medium devised by Baebet and Smith 
{Annal. Trop, Med. Parasit., 1926, xx, p. 85). It consists of 1 part 
inactivated human serum and 9 parts of 0-5 per cent, sodium chloride 
solution. The pH of this medium is 7-6 to 7-8. 

Entamoeba ranarum is said to grow in media of reactions between 
pH5 and pHlO though the optimum is between 7 and 8. 
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\ Barret and Yarbrough Journ, Trop, Med., 1921, i, p. 161) 

cultivated Balantidium coli in a more dilute serum, vix., 16 parts of the 
sodium chloride solution to 1 of serum. As a rule, however, sub-cultures 
had to be made every two days. See also Jameson, § 735, below. 

Trichomonm of the human mouth and Entam(£ba gingivalis multiplied 
in a mixture of equal parts of ascitic fluid and Locke’s solution (Ohira 
and Noguchi, Journ. Exper, Med., 1917, xxv, p. 341). See also 
Dobell, § 735 below. 

Herpetomonas from flies’ intestines are best cultivated (Debohlav, 
Joum. Parasit., 1926, xii, p. 188) in dilute blood agar provided the 
pM. is low — 5*6 to 6*4. 

734. Bceck’s Locke-Egg-Semm Medium (L.E.S.) and various 
modifications devised by Bceck and Debohlav {Amer. Joum. 
Hygiene, 1925, v, p. 371) for the cultivation of intestinal protozoa 
ail consist of two parts : a solid and a liquid medium ; the former 
is prepared in the form of an ordinary bacteriological slope and is 
more or less covered by the liquid. 

In the original formula the solid medium consists of an emulsion 
of eggs in Locke’s solution (four whole eggs to 50 c.c. solution) 
coagulated by heating to 70® C. and sterilised in an autoclave at a 
pressure of 15 Ib. for twenty minutes. The liquid medium is a 
mixture of 1 part inactivated human serum to 8 parts of sterile 
Locke’s solution^ — sterilised by filtration, if necessary. The 
medium thus prepared and warmed to the required temperature is 
inoculated with the material containing the organisms to be 
cultivated. This is introduced at the junction of the solid and 
liquid medium at the bottom of the tube by means of a sterile 
capillary pipette, and it is in this region that the organisms 
chiefly develop when incubated at 37® C. 

The medium has an initial reaction of pH7-2“7*8, which is suitable 
for the growth of amoebic. However, owing to the growth of acid- 
forming bacteria in the presence of the glucose of the Locke’s solution,”' 
the medium soon becomes too acid for continued growth and sub- 
cultures have to be made every two or three days. 

Many modifications of this medium have been devised by Bceck 
and Debohlav, one being the use of ordinary blood agar (or N.N.NJ 
for the solid medium, and for the liquid, dilute egg white (the white of 
one egg to a litre of Ringer’s solution). 

735. For the cultivation of Entamoeba histolytica and some 
other entozoic protozoa, valuable improvements have been 
made in the constitution of this L.E.S. medium by Dobell and 
Laidiaw (Parasit, 192'6, xviii, p. 283) and Dobell {Parasit., xx, 
xxiil). They recommend making up the medium with Ringer’s 
solution t and the introduction of solid rice starch to replace the 

* Owing to the numerous slight modifications now given in the formulae 
for these fluids, it is necessary to state that the Locke’s solution used by 
Bceck and Drbohlav contained 9 grm. NaCl, 0-4 grm. KCl, 0-2 grm. CaClg 
and NaHCOa, 2-5 grm. glucose in a litre of distilled water. 

t The Ringer solution used by Dobell and Laidlaw contained 9 grm. 
NaCl, 0*2 grm. KCI, and 0-2 grm. CaCL in a litre of distilled water. For other 
fluids, see § 592. 
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carbohydrate (glucose in the Locke’s solution) of the L.E.S. 
The very small grains of this form of starch are rapidly ingested 
by the amoebae, which multiply enormously and often finally 
store up glycogen in their protoplasm, and encyst. 

Blastocystis, which causes trouble in most cultures of entozoic 
protozoa, can be eradicated by the presence of the starch, provided 
that there are no starch-splitting bacteria present, and these, the 
authors find, can usually be eliminated by adding flavine (1 in 20,000) 
to the culture. The starch should be dry and sterilised by heating it, 
loosely packed in small tubes, to a temperature of 180° C. It is intro- 
duced into the medium by a platinum loop or spatula, and falls in a 
little heap to the bottom of the tube, and the amoebse are inoculated 
on to its surface. 

After tiying many different forms of the double medium, they find 
that the richest and most prolonged growths of amoebse are obtained 
on the one having coagulated horse serum as the solid constituent and 
Ringer egg-white as the liquid, together with rice starch. 

On this medium, ‘‘ HS re -f S,” E. histolytica and E. coli usually live 
seven to ten days, but E, gingivalis has to be transplanted into fresh 
tubes every five or six days. 

Endolimax nmia grows better in the original L.E.S. medium, since 
this parasite does not need starch. 

Trichomonas grows very readily in the medium HS re + S ” 
Dobell {Parasit., 1934, xxvi, p. 531) and so does Balantidium coli 
according to Jameson {Parasit,^ 1927, xix, p. 419). Many intestinal 
protozoa will grow in simpler media, and Dobell suggested that the 
following might be a good double medium for use in laboratories where 
serum is not easily obtainable, “ Slopes of heat-coagulated egg-white, 
covered with unheated egg-white diluted with Ringee’s fluid.” 

Dobell {Parasit,, 1931, xxiii, p. 6) pointed out that to make sure 
of the encystment of E. histolytica in a culture, certain bacteria had 
to be present as wefi as starch. Chang in 1942 and 1943 described 
the effect of pH and the importance of the bacterial flora in main- 
taining a favourable pH range for encystment after rapid multiplication 
of trophozoites. He further showed {ParasiL, 1946, xxxvii, p. 101) 
that the oxidation-reduction potential in cultures is closely related to 
the growth, encystation and excystation of E, histolytica and that the 
low potential condition is chiefly maintained by .the bacteria present. 
He pointed out therefore that there is some evidence to show that a 
suitable reducing agent in a culture may be able to replace the bacteria 
in bringing about encystation and growth of E, histolytica. 


EXAMINATION OF LIVING PROTOZOA. QUIETING OF 
VERY ACTIVE CILIATES AND FLAGELLATES 

736. Mechanical Methods, {a) Entangling them in the meshes 
of cotton-wool, mycelial threads of a fungus, etc, 

(b) Increasing the viscosity of the mounting medium by adding 
(i.) gum. Eismond (ZooL Anz., 1890, xiii, p. 723) added a drop of 
this aqueous solution of cherry-tree gum to the water containing the 
organisms. Lyon {Amer, Journ. 1905, xiv, p. 427) found 

gum arabic solution neutralised with caustic soda perfectly successful. 
Ceetes (Journ. Roy. Mic. Soc., 1891, p. 828) added an intra-vitam’ 
stain (methyl blue or violet dahlia, No. 170) to the gum solution. 
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(it.) Gelatiae. Jenson {ibid,, 1892, p. 891) added 1 drop of a 8 per 
cent, solution, warmed, to one of water containing the organisms 
giving a concentration of 1*5 per cent. 

(ill.) A dilute solution (about 1 per cent.) of agar may be used in the 
same way as gelatine, and an intra-vitamin stain introduced as well, 
if desired. 

(iv.) Moment, G. B. (Science, 1944, xcix) uses polyvinyl alcohol for 
Parammcium. A solution of completely hydrolysed, medium viscosity 
polyvinyl alcohol is prepared by stirring the powdered alcohol into water 
until the solution is as thick as heavy molasses (approximately 12 to 14 
grm. of dry alcohol in 100 c.c. of water). This should be done over a 
steam bath and the solution left until all bubbles rise to the surface after 
which the solution will be glass clear. The solution should then be 
poured into a wide-mouthed stoppered bottle where it will keep inde- 
finitely. The polyvinyl alcohol is sold by the E. I. du Pont de Nemours 
Co. under the name of ‘‘ Blvanoi 90-25.” To use, two drops of a thick 
suspension of Paramecia are placed on a slide and two drops of the poly- 
vinyl alcohol solution added. The whole is thoroughly stirred with 
a needle and covered with a cover-glass. The animals are brought 
almost to a standstill at once and will remain so in good condition for 
over four hours. 

(v.) J. D. Buck (Science, 1943, xcvii) uses 3 grm. of compressed 
yeast, 30 mg. Congo red and 10 c.c. distilled water thoroughly mixed 
and boiled gently for ten minutes. A thin ring of vaseline, 15 mm. in 
diameter, is made on a slide with a syringe, and into this is put a drop 
from a very rich infusion of Paramecia, This drop is then stirred 
with a needle which has been dipped J inch into the stained yeast, 
and a cover is added and pressed down sufficiently to permit observation 
with the 4 mm. objective. The colour of the drop should be pink, 
not red, as too thick a suspension hinders observation. The medium 
keeps satisfactorily for at least a week if stoppered and refrigerated, 
and should be shaken before use. Moreover, since Congo red is a 
pH indicator, chemical changes in the food vacuoles may be noted. 

737. Narcotisation Methods. Cocaine solutions being unstable, 
the best results are obtained by placing a minute crystal in the 
mounting medium under the eoverslip and allowing it to diffuse 
gradually. Myonemes can be clearly made out in this way, and 
the working of the excretory system in Paramoecium, for example. 
A freshly prepared 0*1 per cent, solution added in the proportion 
of 1 to 10 of medium (i,e. making a 0*01 per cent, solution) 
required two or three hours to prevent the stalks of Vorticellids 
from contracting. Nearly all the peristomes had by then closed, 
so that this method was not much good for preparing these forms 
for fixation in the expanded form ; the same applies to other 
narcotics tested. 

Eixcain hydrochloride m in aqueous solution and a 1 per 

cent, solution is said (Habbis, ibid,, 1900, p. 404) to be better for 
Vorticellids, but we have had no success in narcotising Zoo- 
thamnium with their oral cilia extended. 

Menthol is best used by placing a minute crystal under the 
eoverslip with the protozoa, but maceration follows very speedily 
on cessation of movement in the few ciiiates tested. 
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Chloral hydrate may be used in 1 per cent, solution or in solid 
rornu but appears to be little better than menthol for ciliates. 

Chloroform water, coloured with neutral red, has proved in 
our hands as useful as any narcotic for quieting active ciliates 
and flagellates on the slide. One drop of chloroform rubbed up 
with 6 to 10 c.c. of a dilute neutral red solution will make a homo- 
geneous mixture. The protozoa are best mounted in as little 
fluid as possible, and a minute drop of the mixture placed to one 
side of the coverslip with a thin glass rod, and allowed very 
gradually to diffuse in. When this is done successfully the 
protozoa tvill move away, and after some minutes, the ones 
situated about the middle of the preparation will be moving 
slowly only and the working of the cilia, contractile vacuoles, etc., 
will be clear, while the protozoa are very little, if at all, distorted. 
Urethane (1 per cent, solution) is recommended for narcotising 
small hosts such as Phascolosoma as well as their epizoic or entozoic 
protozoa. Amytal is used by Lund {Journ, Morph., 1935, Iviii, 
p. 260). Refer also to § 10 where further information is given. 

738. Addition of Dyes. Intra-vitam Stains. Strictly speaking, 
all stains ai'e to some extent toxic and consequently slight excess 
of an intra-vitarn stain will more or less check the movements of 
active forms. To obtain good results the solutions used for intra- 
vitam work must be extremely dilute and, moreover, dilution 
must, of course, be effected so far as possible with the liquid in 
which the organisms are living. The strengths used generally 
vary between 0-01 and 0-0001 per cent. The dye employed 
must be as pure as possible. Those generally used for protozoa 
are : neutral red, methylene blue, Bismarck brown, toluidin blue. 

For mitochondria of protozoa Faurii^-Fremiet {Arch. d'Anat. 
micr., 1910, xi, p. 547) and others use Janus green, violet dahlia, 
crystal violet. Brandt {Biol. Centrbl., 1881, i, p. 202) recom- 
mended “ a dilute solution of hsematoxylin ” as an intra-vitam 
stain. Taylor {Univ. Calif. Publ. ZooL, 1920, xix, p. 417) used 
a 0-0001 per cent, solution for organelles and fibres of ciliates. 
Even a 0-5 per cent, solution in water added to cultures rich in 
flagellates and ciliates is very little toxic to the protozoa, but the 
same may be said for many other dyes, e.g. indigo-carmine. 

Trypan blue, another intra-vitamin stain, is taken up by many 
tissues. A solution (1 to 2 per cent, in sea water) is recommended 
by Dr. Lebour (personal communication) for staining the plates 
of thecate dinoflagellates. The theca is stained a clear pale blue 
and the divisions between the plates show up as dark lines. The 
dinoflagellates are, however, killed and, owing to their extreme 
delicacy, it is unlikely that they could be kept alive even were the 
solution used more dilute. 

Ink (Stephens’ blue-black) is excellent for staining the epispores 
of gi'egarine and other spores to show up the processes (Qwar^. 
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Journ, Mier. Set,, 1015, Ixi, p. 83). A llal^satll^ated solution of 
nieihyl blue in distilled water is also very good for the same 
purpose and less likely to cause a precipitate when host tissue, or 
fluids are present. 

Ceetes {Bull. Soc. ZooL de France, 1888, xiii, p. 230) recom- 
mends examination of organisms hi coloured media, in which 
they do not stain but show up on a coloured background, saying 
that infusoria will live in a solution of anilin black for weeks. 
Fabre-Domekgue {Ann. de Microgr., 1889, ii, p. 545) uses in 
this w^ay a concentrated solution of diphenylamin blue. 

For preparing coverslips for neutral red staining see under 
Blood, § 850. For a general discussion of the whole subject 
refer to Chapter XXV, §§ 612 to 650. 

739. Demonstration of Cilia and Flagella. Any of the above 
methods which slow down the rate of movement of the ciliates 
and flagellates will tend to show up the cilia or flagella by which 
they move (see also the effect of iodine below). For staining and 
impr€?gnation methods, see §§ 383---410. The Phase Contrast 
Microscope shows flagella and cilia black, in the living condition 
(§ 893 ). 

Tannin (tannic acid), the solution recommended by Wadding- 
ton {Journ. Boy. Micr. Soc., 1883, p. 185) for demonstrating cilia 
of Parammeium, has, in my hands, exactly the same effect as, 
judging by his figures, it had in his, viz. the extrusion of tricho- 
cysts. With very dilute solutions some trichocysts are shot out, 
and often they are so thick that the cilia are hidden altogether. 

Dilute urethane solutions have much the same effect : the 
trichocysts when shot out can be washed away and the cilia 
then sometimes show up well. 

Sulphurous acid. An alcoholic solution was recommended by 
Waddington (see above) for showing up cilia. It is useful also 
for reducing the activity of ciliates. I cannot find, however, that 
an alcoholic solution is any better than an aqueous one, e.g.,: 
equal volumes of normal sodium bisulphite and hydrochloric acid 
solutions coloured with neutral red. 

740. Toxic Mounting Media. Useful observations may often 
be made on protozoa by adding to them gradually (by running 
in under the coverslip) or mounting them direct in certain toxic 
media. 

Iodine is especially serviceable in this way and can be used in 
saturated watery solution or dissolved in a solution of potassium 
iodide (LugoFs solution). Cilia and flagella generally show up 
very clearly, being temporarily fixed by the iodine. Any starch 
present is, of course, stained blue, and glycogen brownish ; the 
latter being somewhat soluble in water, will generally show a 
blurred edge. 

For the examination of faeces for protozoa and their cysts, it is 
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a great help to have preparations mounted in iodine solution as 
well as ill normal saline. Routine examination for diagnostic 
purposes should be carried out as follows (Wenyon, Lancet, 1915, 
ii, p. 1173) : From a suitable part of the specimen sent to the 
laboratory take a minute portion on a platinum loop and rub it 
into first a drop of normal saline and then one of iodine solution 
on slides and cover each with a coverslip. It is necessary to 
examine several preparations from different regions of a specimen 
before it can be diagnosed as free from any special protozoa. 

Osmic Acid, One per cent, solution may be used to kill and 
fix protozoa while actually under observation, and may be followed 
by such a stain as picro-carmine. 

Methyl green acetic acid mixture may also be allowed to diffuse 
into a preparation while under observation. 

A saturated solution of methyl green in 0*5 to 1 per cent, of 
acetic acid is an important stain for showing up the nuclei of 
protozoa. It is a chromatin stain for fresh (unfixed) cells (§ 357). 


FIXING AND PRESERVING FOR PERMANENT PREPARATIONS 

741. Films and Smears. When films are mentioned in the 
following notes, it is to be understood that a thin layer or smear of 
the material on a coverslip is meant. The making of these requires 
much practice and care. The protozoa or other material must 
be sufficiently spread out to give complete transparency, and the 
films must never be allowed to dry, for then the protozoa would 
be distorted ; on the other hand, if too wet, most of the material 
will wash off in the fixative.* When just sufficiently dry, the 
coverslip is dropped, film downwards, on to the surface of the 
fixative already prepared in a watch-glass. Minchin {Quart, 
Journ, Micr. Sci,, 1909, liii, p. 755) elaborated a process of dealing 
with these films by passing them through the different reagents in 
solid watch-glasses or capsules. The upper side of the cover- 
glass is kept clean throughout so that at any stage the process 
can be controlled by examination under the microscope. Curved 
forceps are useful for transferring the coverslips from one watch- 
glass to another ; since they float on water, the films can be easily 
washed in running water, if desired. The other reagents are best 
introduced by means of a pipette underneath the coverslip 
while its corners rest on the watch-glass. 

For most protozoa, this is the best way to deal with them 
whole, but for blood parasites, a rougher method may be used as 
welJ, by spreading out the blood on slides. These preparations, 
similar to those used in Bacteriology, are well referred to as smears 

^ In making films of free-living flagellates and ciliates it is generally neces- 
sary to add a trace of gelatine water or Mayer’s albumen (§ 209) to help them 
to adhere to the coverglass. With parasites there is usually enough albumen 
from the host fluids to answer the purpose. 
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to <lisii 3 igiiisli them iYom films on coverslips. They may be 
aJlowefl to dry during fixation (see Osmic Vapour, § 759, below), 
and ai-e well stained with Giemsa, § 864. The drying causes the 
protozoa to flatten out somewhat and therefore to appear rather 
larger, which may be a great advantage in dealing with small 
flagellates and their flagella, so long as distortion is not too great. 
Wet fixation, on the other hand, always tends to produce shrinkage 
but gives a more reliable representation of the organism. 

Goodrich’s method of dissociating tissue cells (Q. J. iff. S,, 
1942, Ixxxiii, p. 245) is most useful in freeing such parasites as 
septate gregarines from their host tissues and so making clear the 
structure of the often complicated epimerites as in Nina, 
Echinoniera. 

742. Free Protozoa. The older method of treating protozoa 
while mounted between coverslip and slide is still sometimes 
used, especially for free-living forms — the various reagents being 
run in under the coverslip by means of pipettes and filter paper 
(Minchin, Nat, Se., 1893, iii, p. 112 ; Doflein, 1916, p. 376). 

When the protozoa are abundant they may, of course, be 
treated en masse by pouring into comparatively large volumes of 
fixative in a capsule or centrifuge tube and allowing them to 
settle. The subsequent processes of washing, staining, and 
dehydrating may be hastened by centrifuging slowly. To clear, 
pour clove oil down the side of the tube containing the protozoa 
in absolute alcohol. They will soon sink to the bottom, and 
can be taken up with a wide pipette and distributed on slides as 
required, and mounted. To reduce risk of damage to the protozoa 
by much centrifuging, Smyth {Science^ 1944, c, p. 62) suggests 
fixing a mass culture in Schaudinn’s fluid and bringing through 
70 and 90 per cent, into absolute alcohol by gentle centrifuging. 
The organisms are then collected in a pipette from the bottom of 
the tube and dropped from the height of an inch on to a slide 
or coverglass covered with a very thin film of Mayer’s albumen. 
The combined action of gravitation and rapid coagulation causes 
the organisms to be securely fixed to the glass and the preparation 
can then be stained and mounted as usual. 

743. Sections. When protozoan parasites in tissues are to be 
dealt with, it is necessary to determine the true relationship of 
parasite to host by fixing, with as little disturbance as possible, 
small pieces of the tissue taken from the host immediately after 
death. The tissue can then be imbedded for sections, but if, 
inconvenient to imbed at once, it can be transferred from xylene 
into a mixture of this and medicinal paraffin and stored in the 
latter for long periods (Baker, Cytohgical Technique, 1942, p. 7, 
in G. Bourne's Cytology), 

744. Imbedding Protozoa (Minchin, Q^uart Journ, Micr, Set., 
1915, lx, p. 508). A thin slice of a block of amyloid liver, pre- 
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served in alcohol, is placed in a shallow glass vessel with a flat 
bottom, containing alcohol to the height of about 1 cm. The 
dish is placed on the stage of a dissecting microscope. The 
objects to be imbedded are taken up in a pipette from 90 per cent, 
alcohol, after fixation, and placed a few at a time on the slice of 
liver and orientated as desired. A tiny drop of glycerine albumen 
solution is taken up on the point of a needle and caused to touch 
the surface of the alcohol immediately above the small objects. 
The dense albumen solution falls at once through the alcohol and 
spreads out over the objects on the liver ; at the same time the 
glycerine is extracted and the albumen coagulated by the alcohol, 
with the result that the objects are stuck on to the liver. When a 
sufficient number has been attached in this way the piece of liver 
is trimmed, if necessary, and imbedded in the usual way. See 
also § 159 for other methods. 

For the ordinary procedure of dehydrating, clearing, imbedding, 
etc., reference may be made to § 1438 for students. 

Clarite (Nevillite V) dissolved in toluene has given excellent 
results in mounting protozoa owing to its neutrality and complete 
freedom from colour. 

COMMON FIXATIVES FOR PROTOZOA 

745. A saturated solution of mercuric chloride (HgCl 2 or 
corrosive sublimate) in distilled water is contained in numerous 
fixatives, and will be referred to below as sublimate solution. 
Unless otherwise stated, films should be fixed for ten to thirty 
minutes, and pieces of tissue one-half to several hours, according 
to size. Most fixatives may be well used warm (40® to 42® C.) 
to increase penetration, and sometimes even hot. All prepara- 
tions so fixed require thorough washing in 70 per cent, alcohol 
to remove the excess of mercury. They may be facilitated by 
adding a little iodine to the alcohol used for washing until it is 
no longer decolourised. Care must be taken to remove all iodine 
as well as mercury before attempting to stain. This may speedily 
be done with sodium thiosulphate solution, but as a rule 70 per 
cent, alcohol, changed once or twice, is all that is necessary. 
Tissue is often washed after being cut into sections. Films and 
tissues are all the better for being left in 90 per cent, alcohol for 
some hours to harden, the preparations being then less likely to 
undergo maceration or shrinkage during staining. 

746. Sublimate- Acetic. One to five per cent, of glacial acetic 
acid added to the sublimate solution. 

747. Schaudinn’s Fluid. Two parts sublimate solution to 1 part 
absolute alcohol, with, if desired, 1-5 per cent, of glacial acetic 
acid. 

Langekon (1942) states that the alcohol used need not be 
stronger than 90 per cent. 
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This is a very important fixative for protozoa. It may be 
used cold or warmed to 60® or 70® C., when it is more penetrating 
and, therefore, requires rather less time. 

Maiee’s modification : distilled water, 200 c.c, ; absolute alcohol, 
100 c.c. ; sodium chloride, 1*2 grm. ; HgCh, 10 grm. Ten minutes is 
long enough to fix thin films, it was found by Minchin (Quart, Journ, 
Micr. Sci., 1914, lx, p, 502) to be excellent for fixing trjqyanosoraes in 
films or in the mid-guts of fleas, though not so good as Flemming’s fixa- 
tive for the tissues. He attributes this to unequal penetration, surmising 
that the alcohol diffuses into the tissues and fixes them defectively 
before the suhlmate can reach them. 


748. Sublimate- Formol. Bouxn’s formula {Arch. Biol, 1900, 
xvii, p. 211), § 118. 

Carleton’s formula {Hist Technique, 1938, p. 33) — 1 part of 
formol to 9 of sublimate solution. 

Penetrating and useful for cysts and tissues as well as for 
free protozoa. 

749. Sublimate-nitric. Peteunkewitsch and Gilson’s mix- 
tures (§75) may be used warm to fix spores and cysts, 

750. Sublimate-picric mixture recommended by Yocum {Calif, 
Puhl. ZooL, 1918, xviii, p. 342) : — 


Mercuric chloride 

Picric acid 

95 per cent, alcohol 

Ether .... 

Acetic acid (glacial) 

Formol (40 per cent. H-CHO) 


2 grm. 
1 » 
110 c.c. 
20 „ 

20 „ 

50 „ 


Such a mixture of oxidising and reducing agents would not be 
likely to keep. Presumably the formol is only added just before 
use. 

Taylor used this fixative hot for Euplotes {ibid,, 1920, xix, 
p. 417), and then stained with Mallory’s triple stain or hsema- 
toxylin for demonstrating the fibrillar apparatus. 

751. Sublimate-bichromate. Zenker’s mixture (§ 79) is said 
by Dobell and O’Connor {Intestinal Protozoa of 3£an, 1921, 
p. 138) to give excellent results with intestinal protozoa, free or 
in tissues, but often fails to penetrate cysts properly. 

If a piece of tissue is large enough to require several hours’ 
fixation, it will have to be washed for several hours in gently 
running water to remove excess of bichromate before removing 
the excess sublimate in the usual way. 

752. Bichromate-acetic. Tellyesniczky’s formula (§ 60) is 
used by Dehorne {Arch. Zool Exper,, 1920, lx, p. 47) to fix 
Paramoecium and Colpidium. 

753. Picro-formol-acetic or Bouin’s Fluid, § 116. 

Fix films ten to forty minutes ; tissues for not more than 
twenty-four hours. Wash out with 70 per cent, alcohol. 
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A very good fixative for protozoa and tissues, but it sometimes 
fails to penetrate cysts and spores. 

Dobell suggested substituting a saturated solution of picric acid in 
90 per cent, alcohol for the aqueous solution in Bouin’s formula, and 
adding 1 to 2 drops of chloroform just before use to facilitate penetra- 
tion of chitin. Hoaee (Parasit, 1923, xv, p. 374) found this modifica- 
tion of the fixative excellent for sheep keds containing trypanosomes 
He kept the insects in the fixative for twenty-four hours (one hour 
warmed on the incubator, twenty-three at room temperature). He 
then placed them in 90 per cent, alcohol for seven days (changing the 
alcohol from time to time). 

754. Duboscq-Brasil modification, or alcoholic Bouin : 

Alcohol (80 per cent.) .... 150 c.c. 

Formol . . . . . . 60 „ 

Glacial acetic acid . . . . 15 „ 

Picric acid . . . . . 1 grm. 

is more penetrating, and therefore better for fixing arthropods 
containing parasites ; also cysts, etc., especially when used warm. 

Gkass:^ {Arch. ZooL Exper., 1926, Ixv, p. 349) recommended 
the urea modification of Bouin’s mixture for flagellates (§ 116). 

For other protozoa urea is said to have little or no value. 

755. HoUande’s Cupro-picro-formol-acetic Mixture is also said 
to be good for flagellates, and to be more penetrating than ordinary 
Bouin {Arch. dAnat. micr., 1921, xviii, p. 96) : 


Picric acid ..... 4 grm. 

Neutral copper acetate . , . 2-5 „ 

Formol . . . . . .10 c.c. 

Glacial acetic acid . . . . 1*5 ,, 

Distilled water ..... 100 „ 


756. Carnoy’s Mixture (§ 89). Fix films ten to fifteen minutes, 
blocks of tissue a quarter to one hour, and wash out in 90 per cent, 
alcohol. 

This mixture, one of the most penetrating fixatives known, is 
excellent for showing up the chromosomes of even large protozoa 
mounted whole, since it dissolves many cytoplasmic inclusions 
without destroying chromatin. It is a good fixative for glycogen, 
which is precipitated and can then be well shown up with Best’s 
stain, § 708. 

757. Flemming’s Fluid (§ 50). Fix thin films for about ten 
minutes. Penetration is very poor ; therefore pieces of tissue 
must be small— fix one to twenty-four hours and wash in running 
water for about half as long before dehydrating. 

Mm cnm y {Quart. Journ. Micr. Sci., 1914, lx, p. 506) found this 
the best fixative for stomachs of fleas full of rat blood and trypano- 
somes ; the histology of the wall was extremely good and the 
blood not shrunk away from it, and both free and intracellular 
trypanosomes well preserved. 
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758. Flemmiog without Acetic, For va.rioiis iiiodificatioiis of 
Fioniining to* lixiiig the cytoplasm and its inclusions without 
destroyifig mitochondria, etc., see § 50. For other similar 
lixativcs, see under Cytology, § 886. 

759. Osmic Vapour. An excellent fixative, to which films on 
co^'crslips may be exposed. It is used chiefly by protozoologists 
for smears of minute flagellates and other parasites, especially 
in blood. 

Minchin used the following method for smears {ibid,, 1909 , 
iiii, p. 755) : — 

In a suitable glass slide tube place some pieces of glass rod, 
on which the slide can rest when the tube is tightly closed with 
a stopper. Into the bottom of the tube put 20 drops of 2 or 
4 per cent, osmic acid solution with 1 drop of glacial acetic acid. 
This tube, if kept in the dax'k and tightly closed, can be used 
repeatedly. 

To fix the smear, place the slide in the tube and close for ten 
seconds. Then remove slide, which should be now dry, and 
place it in absolute alcohol for ten minutes. It may then be 
allowed to dry or be placed at once in Giernsa’s stain (see below). 

Osmic acid solution may also be used as a fixative (see § 42). 

760. Iodine is well known to be axi excellent fixative. 
Goodrich {Quart Journ, Micr, Set., 1919, Ixiv, p. 38) modified 
Kent's method by following the dilute iodine in potassium iodide 
solution 'wdth a definitive fixative, such as Boifin's, and obtained 
excellent results with leucocytes of invertebrates. Good results 
have also been obtained with free-living amoebae, ciliates and 
flagellates by this method, especially when fix;ing them en masse 
by the centrifuge method, § 742. 

Tlie two fixatives may be mixed before use, e,g, 1 drop of 
Lugol's iodine solution to about 10 of Bouin’s fluid makes a very 
satisfactory mixture in which to fix films. 

CHIEF STAINS USED FOR PROTOZOA 

761. Hmmatoxylm, For most protozoa iron haematoxyl in stain- 
ing is unsurpassed. 

{a) Heidenhain’s Iron Haematoxylin. Use, as a mordant, a 
dilute solution of iron alum in distilled water (about 3*5 per cent.). 
As stain, 0*5 per cent, ripened solution of luematoxylin in distilled 
water. 

To ripen the solution, allow to stand for some weeks until the reddish 
solution becomes deep brown owing to some haematoxylin being oxidised 
to haematein. Dobell and O’Connor recommend putting it in a flask 
plugged with cotton-wool, in a warm place— if possible, in siinlight-— 
and shaking from time to time.” See also § 276 . 

Mordant films or sections taken from distilled water for six 
hours or more-overnight is a suitable time. Rinse in distilled 
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water and place in the stain for a similar time. Then again 
rinse the preparation — now black — in distilled water, and 
differentiate by washing out the stain in the iron-alum solution, 
diluted if necessary. The resu.lt should be checked and controlled 
by examining under the microscope from time to time. 

^ The preparation should be greyish, due to the chromatin being 
black. Wash it in distilled water and then in running tap-water, 
for at least half an hour. 

The mordanting and staining may be shortened to two or 
three hours each, but then the chromatin will only stain blue, 
instead of black as by the longer method, or alcoholic solutions 
may be used and the time shortened still more. 

(b) Mallory’s Ferric Chloride Haematoxylin (Journ. Exper, 
Med., 1900, V, p. 18). Use as mordant a 10 per cent, aqueous 
solution of ferric chloride, and as stain a freshly prepared 1 per 
cent, solution of haematoxylin. Mordant films or sections for 
. three to five minutes, drain and stain in excess of haematoxylin 

; for the same time. Wash and differentiate in very weak solution 

t of ferric chloride (0*25 per cent.). Wash well in tap-water to stop 

I decolourisation at the correct moment as determined by examining 

I under the microscope. 

f Chromatin dark blue, fibrin greyish, red blood corpuscles (after 

i fixing in Zenker) greenish-grey, connective tissue tinted pale 

i yellow. 

I (c) Weigert’s iron-haematoxylin mixture, in which the mordant 

; is already mixed with the stain (§ 280) affords a rapid method, 

requiring only a few minutes and no differentiation. Dobell 
and O’Connor find it specially good when the protozoa are more 
or less imbedded in mucus. 

(d) Dobell’s alcoholic iron-haematein method (Arch. Protistenk., 
1914?, xxxiv, p. 139) requires only a short time. Transfer films 
or sections from 70 per cent., alcohol into 1 per cent, iron alum 
in 70 per cent, alcohol and leave them to mordant for ten minutes, 
rinse in 70 per cent, alcohol and place in 1 per cent, hsematein 
in 70 per cent, alcohol for ten minutes. Differentiate in iron-alum 
solution or acid alcohol (70 per cent, containing 0*6 per cent. HCl). 
Then wash in several changes of 70 per cent, alcohol. 

This stain, though good for chromosomes, is said by Dobell 
to be unreliable for staining cysts owing to unequal penetration. 

(e) Delafield’s haematoxylin (see § 291) is a good stain for 

protozoa mounted whole. . 

Transfer films and sections from distilled water into a very 
dilute, slightly acidified, solution of the stain. For progressive 
staining five or ten minutes is generally enough (or the prepara- 
tion may be treated regressively, overstained by leaving 
]ong<r and differentiated in 0-5 per cent. HCl in water). The 
preparations will be pink. Wash until blue, i.e. alkaline, in 
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tap-water, iissuming that the tap-water is alkaline ; if not, a 
trace of sodium bicarbonate may be added to it. 

N.B.— Care should be taken that the clearing and mounting 
media are quite neutral. Any acidity will, of course, turn the 
preparation red again and in time decolourise it. 

(/) Ehrlich’s haematoxylin (acid) (see § 292) is also useful 
for protozoa and tissues. Use pure, undiluted, otherwise proceed 
as for Delafield’s stain (see above). 

(g) Mayer’s haemalum (see §§ 284 and 285), recommended by 
Dobell {Amceba in Mail, 1919, p, 6) as a reliable and rapid 
stain for cysts of protozoa, should be a deep red colour ; when 
it turns brown and precipitates, it is no longer fit for use. Transfer 
films or sections from distilled water to the stain for five to twenty 
minutes, then wash and mount as described above for Delafield’s 
Inematoxylin. 

(h) Mayer’s glychaemalum (see § 287) is similar to Ehrlich’s 
haematoxylin and may be used in the same way. Chatton uses 
it for peridinians after picric acid fixative (Arch, ZooL Ecoper., 1920, 
iix, p. 21), and Keilin {Parasit, 1923, xv, 103) for gregarines. 

762. Carmine stains are penetrating and useful for staining 
protozoa, especially in blocks of tissue, before imbedding. 

(a) Grenacher’s borax carmine (see § 238) contains about 
35 per cent, alcohol and is alkaline, and may, therefore, harm 
delicate objects. Dobell says that “ used warm, and acidi- 
fied with a small quantity of glacial acetic or hydrochloric 
acid, it will often stain the contents of cysts when all other methods 
have hiiled.” One would expect, since the acid and borax are 
incompatible, that paracarmine (see below) diluted with an equal 
volume of water would be equally satisfactory. 

(hi) Mayer’s paracarmine, made up in 70 per cent, alcohol 
(§ 267), may be diluted and slightly acidified, for staining whole, 
especially large, protozoa. It is generally better to stain over- 
night and wash out with acid alcohol, but sometimes twenty to 
thirty minutes will be enough to give a good colour by the pro- 
gressive method. 

(c) Alum carmine, aqueous solution (see § 238), is useful 
for staining whole protozoa, also picro-earmine, § 244. 

(d) IIollande’s iron-cMoro-carmine (see § 251). A very 
intense stain suitable for mitochondria and other cytopiasmic 
inclusions in sections of protozoa after suitable fixation, 

763. Hickson’s iron Brazilin stain (Quart. Joiim. Mic. ScL, 1901, 
xliv, p. 469) may be used for protozoa after fixing in Schaudinn’s fluid 
for fifteen minutes and washing in 70 per cent, alcohol for at least an 
hour." "■ 

Mordant for one to four hours in 1 per cent, iron alum in 70 per cent, 
alcohol, rinse in 70 per cent, alcohol and stain three to sixteen hours in 
1 per cent, brazilin in 70 per cent, alcohol, then wash thoroughly in 
several changes of 70 per cent. 
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According to Cableton brazilin requires partly oxidising into 
brazilein to give precise staining. 

764. Safranin 0, especially after Flemming’s fixative, is useful 
for parasites, free or in tissues (see § 366). 

A solution in absolute alcohol is generally diluted with about 
the same volume of water, or a saturated solution in water may 
be used for a few minutes. The stain becomes brick-red when 
subsequently treated with picric acid (see § 766, below). It may 
be differentiated with acid alcohol picric acid, or clove oil. 

765. Acid fuchsin (Magenta S, etc. ; see § 313) is generally 
used in aqueous solution (0-5 per cent, to saturated) for a few 
minutes. Preparations can be differentiated in tap-water, since 
the stain easily washes out in alkalies. 

766. Counterstains. Many stains, such as eosin, orange G, 
light green, Bordeaux red, dissolved in 96 per cent, alcohol, are 
used as simple counterstains after nuclear stains such as the 
above. Sections and films are placed in them for a minute or 
two before final dehydration in absolute alcohol. They may be 
used dissolved in weaker alcohols, if desired, and eosin, fre- 
quently used after hsematoxylin, may also be used in 1 per cent, 
aqueous solution. Eosin may be removed from tissues to some 
extent by prolonged washing in tap-water owing to its solubility 
in alkalies. 

For staining protozoa in tissues, double or triple stains are 
specially useful. 

Light green and picric acid is recommended by Minchin as a 
double counterstain. (1 grm. of “ licht griin ” and 0*5 grm. picric 
acid are dissolved in 100 c*c. 90 per cent, alcohol.) This stain or 
light green alone gives especially good results after safranin, 
magenta or carmine. 

Eosin and light green is recommended by Chatton {Arch. 
ZooL Expdf., 1920, lix, p. 21). This is a simplification of Prenant’s 
method {Arch. d'Anat micr., 1905, vii, p. 430), as follows : Alcohol 
(95 per cent.) is saturated with eosin and light green. This solution 
keeps indefinitely. Sections are stained for five minutes. They 
are then rose, and are differentiated in absolute alcohol containing 
5 per cent, of acetic acid until the connective tissue of vertebrates 
or the chitin of arthropods is green. The preparations are then 
washed in xylol and mounted in neutral balsam. The method 
is said to be particularly useful for the study of parasites in 
Gopepods. 

Picro-nigrosin, a mixture of 1 part of saturated aqueous solution 
of nigrosin with 9 parts of saturated aqueous solution of picric 
acid, is used as follows : Transfer films or sections from distilled 
water into the stain for five to seven minutes, wash in tap-water, 
then rinse rapidly in 70 and 90 per cent, alcohol. Complete 
dehydration and mount. Connective tissue and chitin should 
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be blue a.iid muscles yellow. Very pretty preparations may be 
obtained after carmine. The method works especially well after 
siiblmiate fixation, it is not so successful after Bouin’s fluid. 

Alcoholic solutions of this stain are sometimes recommended. 

Indigo-carmine solutions may be made up in many ways. 
A saturated solution in 70 or 90 per cent, alcohol is satisfactory 
but a much stronger solution may be made in water. 

Picro-indigo-carmine mixtures may also be made in a variet}' 
of ways. Three parts of a saturated solution of indigo-carmine 
to 1 part of a saturated solution of picric acid, both in 70 per 
cent, alcohol, makes a good counterstain. 

Ram6n y Cajal used a watery solution (§ 418) after carmine or 
magenta. 

Boekel {Anna!, Inst, Past, 1901, xv, p. 57) recommended a mixture 
of 2 volumes of a saturated watery solution of indigo -carmine with 1 
volume of a saturated solution of picric acid, and staining for five 
minutes, after magenta 1 per cent, (aqueous), one hour. He fixed in 
OsOi, 2 grm., platinum chloride 2 grm., chromic acid 0 grm., glacial 
acetic 20 c.e., water 350 c.c., for twenty -four hours. Then running 
water for some hours. Stained slides were differentiated in absolute 
alcohol and then oil of cloves. 

Dobell {Am^jehm in Man, 1919, p. 7) obtained excellent results by 
using BorreFs method after safranin with sections containing E. 
histolytica, 

Hoaee {PafasiL, xv, p. 357) used, for sections of Kedls gut 

containing trypanosomes, Heidenhain’s iron hsematoxylin and counter- 
stained by Ramdn y CajaFs magenta and picro-indigo-carmine.) 

DOUBLE AND TRIPLE STAINING METHODS 

767, IVIann’s methyl-blue-eosin mixture (§ 350). This mixture 
keeps indefinitely and can be used repeatedly. 

Transfer films or sections from distilled water (on no account 
from alkaline liquids, such as tap-water, since methyl blue is 
insoluble in alkalies as well as in alcohol, and eosin is soluble 
in both) to the mixture for five to ten minutes, then wash in water. 
In distilled water both dyes wash out slightly, but in tap-water 
only the eosin. Dehydrate rapidly and mount. 

If used for fresh material, it is best to dilute the solution about 
ten times. It may be used after most fixatives, especially those 
containing sublimate or chromic acid ; also as a counterstain 
after much-w^ashed-out iron hsematoxylin. 

Mann’s long method comprises staining for twelve to twenty- 
foixr hours, rinsing in distilled water for half a minute, thoroughly 
dehydrating in caustic alcohol (see Mann’s “Histology,” 1902, 
p. 217). 

Chatton’^s modification of Mann’s stain (Arch, Zool, Exp^r,, iix, 1920, 
p. 22), recommended for sections after fixation with picric acid mixture 
is to use distilled water saturated with methyl blue and eosin W.G., a 
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niixtiire of equal volumes of the two saturated solutions appears to be 
satisfactory. The mixture keeps indefinitely. 

Stain sections for fifteen minutes — ^they will be violet — ^pass them 
quickly into water, 95 per cent, alcohol, and absolute alcohol, the latter 
containing 1 drop of ammonia per 10 c.c. They should now be rose. 
Differentiate in clove oil while examining under the microscope and, 
if necessary, return to the alkaline alcohol. 

Chitin, comiective tissue, nuclear chromatin, not associated with 
plastin should be blue, while muscles, nucleoli, caryosomes remain 
brilliant rose. 

Dobell’s modification of Mann’s method is to stain for four to 
twelve hours and, after washing in distilled water, to differentiate in 
70 per cent, alcohol containing a little orange G. (A few drops of a 
saturated solution added to 100 c.c, of 70 per cent, alcohol.) The 
differentiation is controlled under a microscope and very pretty pre- 
parations of amoebae and cysts obtained. Of course the alcohol solu- 
tion must not be allowed to act long enough to wash all eosin out of the 
nuclei. 

768. Methylene blue and eosin (Chenzinsky’s formula, 
p. 185) sometimes stains tissues, and especially blood, exquisitely, 
but Trypanosomes only show blue nuclei and granules (Minchin, 
Quart. Journ. Micr, Sci., 1909, liii, p. 785). 

769. Malloey’s eosin and methylene blue stain, recom- 
mended for sections which have been fixed in Zenker’s fluid. 
§836. 

A trace of colophonium should be present in the alcohol used 
for differentiation in order to obtain the best results. 

770. Giemsa’s Stain (see §§ 858, 864). The preparation 
supplied by Gurr, London, is quite satisfactory. 

1. For dried smears fixed with osmic vapour and absolute 
alcohol. Dilute each drop of stain with 1 c.c. of neutral * distilled 
water and place it in a clock-glass. Transfer slide from absolute 
alcohol and place it, smear downwards, in the stain for twenty 
to thirty minutes. Wash in distilled water, then tap -water, then 
again in distilled, and allow to dry. Red blood corpuscles should 
be bluish-mauve (they will be pink if fixed only in absolute, and 
if too much osmic acid has been used they will be blue or greenish- 
blue). Parasites should be blue, with red nuclei and flagella. 

These dried smears are sometimes useful to compare with 
films made by the better wet methods, especially when very 
small flagellates, hsemanoebge, etc., are being studied. 

2. For wet films or sections. Minchin obtained excellent 
results with sections of fleas’ stomachs fixed in Maier’s modifica- 
tion of Schaudinn’s fluid. 

* The distilled water should be stored over soda-lime or some other sub- 
stance to prevent the absorption of COg, or it may be neutralised by Giemsa’s 
method with KgCOg, using hsematoxylin as an indicator, A 1 per cent, 
solution of the potassium carbonate is added drop by drop to a measured 
volume of the distilled water containing a few drops of a weak hsematoxylin 
solution until the colour changes, after well shaking, from yellowish-red to 
reddish-purple. In this way the number of drops of the carbonate solution 
required to neutralise a given volume of the distilled water is known. 
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.After washing, to remove all trace of fixative, transfer from 
water to stain, diluted as above, for one hour. Then leave over- 
night or for some hours in a weaker stain — 1 drop to 4 or 5 c.c. 
water— rinse in water, and differentiate in acetone mixed with 
different proportions of xylol, beginning with 95 per cent, acetone 
for a very short time and ending with pure xylol. 

The mounting medium must be quite neutral. 

771. The other Romanowsky stains (see § 858) are not suitable for 
exact protozoologicai work, though Leishmann’s stain is useful for 
staining blood for diagnostic purposes, and if parasites are scarce it 
may be necessary to make a thick film (Ross’s method) and delisemo- 
globinise it in distOied water before fixing and staining (Carleton, op, 
ciL, 1938, p. 339). 

7T2. jMalloby’s triple stain {Pathol Technique, 1918, p. 112) 
is useful for differentiating tissues containing parasites, after 
fixing in Zenker’s fluid he stains sections in 0*5 per cent, aqueous 
solution of acid fuchsin for a few minutes (two to four), then 
transfers to the following solution for ten to t-wenty minutes or 
longer : 

Anilin blue soluble in water (Grubler) . 0*5 grm. 

Orange G (Grubler) . . . . 2*0 „ 

1 per cent, aqueous solution of phospho- 

molybdic acid . . . . 100 c.c. 

llie sections are then washed and differentiated in tap-water, 
dehydrated rapidly and mounted. 

Collagen fibrils, reticulum of connective tissue, mucus, chitin, 
etc., stain blue; uuclei, cytoplasm, shades of red ; haematids, 
yellow to orange. Shaep (Vniv, Calif. Pub. Zool, 1914, xiii, 
p. 58) with a slightly modified method for ciliates obtains the 
ectoplasm mauve, endoplasm pink, macronucleus orange-brown, 
micronucleus and neuromotor fibres bright red. 

773. Modification of Claudius’ method {Annul. Inst, Past, 1897, 
xi, p. 332) of carrying out Gram’s stain (§ 367). Although 
this is not strictly speaking a stain for protozoa, it is often most 
useful for staining Gram positive organisms such as yeasts, e,g, 
Histoplasma, Cryptococcus, etc., in tissues, and preventing them 
from being mistaken for protozoa. The following is satisfactory 
for films or sections after good fixation : 

Stain in paracarmine or borax carmine, see §§ 238, 267. 

(There is no advantage in using Orth’s alcoholic carmine as 
recommended by CuAumus — ^it tends to macerate and staining 
is no better than with the usual carmine mixtures.) 

After washing the preparations, transfer them from distilled 
water to 1 per cent, aqueous solution of methyl violet (or carbol 
gentian violet) for one to two minutes. 

Rinse in water and t^eat for one to two minutes with half- 
saturated aqueous solution of picric acid. 
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Remove as much of this solution as possible by blotting round 
the sections with filter paper. Do not let the preparations dry, 
however, and decolourise by pouring on a few drops of chloroform 
and then covering them with clove oil until no more blue colour 
comes away. They will then appear pinkish and may be washed 
in xylol and mounted in balsam. 

p' Carmine does not usually stain paraffin sections easily 
(Langeeon, Freds de Microscopies 1942, p. 515), and material 
such as human liver, containing Histoplasma capsulatum, or 
salivary duct of mule infected with Cryptococcus farcinimosus 
(fixed in formalin) sometimes proves impossible to stain with 
carmine. For sections of these I have obtained better results 
by staining with safranin (a saturated solution in distilled water 
for ten minutes) instead of carmine. It tends to wash out during 
the differentiation with clove oil, but after the excess of blue 
colour has been removed differentiation can be stopped by clearing 
in xylol and the nuclei left a brick-red colour, as well as any 
connective tissue fibres and yolk present, while the parasites 
(Gram positive) alone are blue. 


SPECIAL TESTS 

774. Chromatin, i. Methyl green in presence of an acid is useful 
for staining chromatin in fresh unfixed tissues (see Chapter XV, 
§ 357). 

For sections fixed in sublimate, the same stain contained in 
the Ehrlich-Biondi-Heidenhain mixture may be used for chromatin 
(§316). 

This method is purely a staining process and is not a very 
definite one either. It is often very difficult with granules, 
especially small cytoplasmic ones, to determine whether or not 
they acquire a greenish tint. 

ii. Feulgen’s Reaction — a Microchemical Test for Chromatin. 

See § 662, Woodcock {Journ, Boy- Army Med, Corps, May, 1926, 
p. 1) and Robeetson (Parasit, 1927, xix, p. 875). Strictly 
speaking this is a test for thymonucleic acid, a constituent of 
chromatin of animal cells. It consists in hydrolysing certain 
purin-bodies contained in this acid, and breaking them down 
into groups of aldehyde nature. The test therefore consists of 
two parts : (1) hydrolysis, (2) the application of Schiff’s reaction 
(fuchsin-sulphurous acid) for the presence of aldehydes. 

By this reaction any chromatin (containing thymonucleic 
acid) should have taken on a pink to violet tint, which is remark- 
ably permanent and resistant, and the cytoplasm should be 
colourless. , ; 

Yeast cells do not give the reaction, because their chromatul 



334 


PEOTOZOA 


contains a pentosenucieic acid, not thymoiiiicieic acid. The same 
appears to be true of many plant nuclei. 

iVooDCOCK has also had negative results with Sarcomjstis and 
the spores of Glugea lophii, but the microsporidian Tkelohmia sp, 
gave the reaction, and we have obtained it with Tkelohania niuUeri 
spores from Gammanis» 

Resting nuclei of Gregarines sometimes gives no reaction. 

An interesting observation made by Robertson is that the 
kinetonucleus (parabasal body) of Trypanosomes and Bodo gives 
the reaction as definitely as the ordinary trophonncleus of these 
flagellates, 

775. Mitochondria and Golgi Apparatus. See special methods, 
Chapter XXXI. Grasse and Hollande {Arch, ZooL exp, gen,, 
1941, Ixxxii, p. 301, and Smyth {Biol. Reviews, 1944, xix, p. 94) ). 

776. Glycogen in protozoal cysts, etc., may be well stained by 
Best’s carmine (§ 708) after fixing in Carnoy’s mixture. The 
brown colour with iodine distinguishes it from starch (§ 1371). 

Ehrlich’s Gum Iodine. Dissolve 50 grm. of gum arabic in 100 c.c, 
of distilled water. The gum should be put in a net bag or the solution 
filtered. Add 1 grm. of iodine dissolved in a little water in which 
S grm. of potassium iodide have been dissolved previously. Fix material 
in alcohol ; for Protozoa, smear, fix in alcohol and add gum glycerine, 
apply aoverslip after about one quarter of an hour. Glycogen and 
paraglyeogen brown. The preparations are semi-permanent. 

776 bis. Chitin stains pale blue with picro-nigrosin, bright 
blue with Mann’s and Mallory’s stains, green wdth ehlorozol black 
Cannon (J. R, Micros. /S'oe., Ixi., 1941, p. 88). For chemical tests, 
see § 801 ; for methods of softening, §§ 794 et seq. ; for penetra- 
tion by fixatives § 796. Keratin may best 'be distinguished from 
chitin by the birefringence it gives with polarised light. 

777. Fats (§§ 684, 939 et seq.), microchemical reactions. 

778. Flagella of protozoa are well shown by overstaining in 
iron hsematoxylin after any good fixation, witen they will be 
black, or by coimterstaining deeply with eosin after any hasma- 
toxylin nucleic stain. They also stain well with crystal violet. 
In smears fixed in osmic vapour and absolute alcohol, then stained 
with Giemsa’s mixture, the flagella will be red and rather thicker 
than normal owing to the flattening that takes place during 
di*ymg. 

Noland’s combined fixative and stain {Science, Ixvii, 1928, 
p. 535) made by moistening 20 mgm. gentian violet with 1 c.c. 
water then adding 80 c.c. sat. aqueous solution of phenol, 20 c.c. 
formalin (40 per cent. H.CHO) and 4 c.c. glycerine. By adding 
a drop of this mixture to a drop of the culture to be examined^ — 
undulating membranes and cirri of Hyportichs show up well 
and so do flagella. It has been found specially useful for demon- 
strating the various stages of Dimastogamoeba from amoeboid to 
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flageliating forms after some of a culture (§ 728) has been in rain- 
water for one to several hours. 

779. Cilia and Ciliate fibrillar systems are well shown by silver 
impregnation methods after wet fixation. (Tayloe, 1941, Chap. IV, 
Protozoa in Biological Research^ ed. Calkins and Summers.) The 
results vary much according to the fixative used and the time the 
reagents are allowed to act. von Gelei (Z. wiss. Mik., li, p. 103 
1934) enumerates a variety of methods and shows the results 
which each achieves. von Hoevatii (Z. wiss, Mik,, Iv, 1938, 
pp. 9, 113) adds a further method, based upon the same principle, 
briefly as follows : 2 or 3 c.c. of a rich culture are pipetted into 
1 c.c. formalin (4 per cent. H.CHO). By gentle centrifuging and 
decanting off liquid after a minute, the ciliates are left at the 
bottom of the tube but not washed ; 1 per cent. AqNOS is added 
and the ciliates again allowed to settle, after a few minutes, as 
much fluid is decanted off as possible, then treated with 1 per 
cent NaOH, shaken, centrifuged, washed and centrifuged in 
distilled water and alcohols up to 90 per cent, and mounted in 
. 90 per cent, to which an equal volume of glycerol has been added. 

In several of these techniques the silver solution is prepared with 
ammonia, in a manner similar to that used in Bielshowsky’s method 
for the impregnation of nerve axons ; this fact does not necessarily 
lead, however, to the conclusion that the fibrillar systems serve a con- 
ducting function. I am indebted to Dr. Holmes for advice on these 
methods : he thinks that better results for Protozoa might be achieved 
by the use of more dilute silver solutions as described in his recent 
method for the impregnation of the nerve axons of Metazoa (Holmes 
in Recent Advances in Clinical Pathology,” ed. Dyke, London, 1947, 
Churchill). 

Here again no definite rules can be given for all protozoa, nearly 
related forms often requiring different treatment ; in fact, as Minehin 
pointed out (Quart, Journ, Micro, Set,, liii, 1909, p. 786) for fixing and 
staining protozoa generally, every kind “ requires its own special 
technique, which must be established empirically by trial, and can be 
discovered only to a very limited extent and with great uncertainty by 
analogy.” 


CHAPTER XXX 

METHODS FOR OTHER INVERTEBRATES etc.’*' 

780. Most vertebrate techniques can successfully be applied to 
invertebrates, but the choice of suitable fixatives, fixation and 
imbedding times vary greatly with different forms and can only 
be found by experience. For normal anatomical studies, Bouin, 
Gilson and Susa are excellent as routine fixatives ; chrome- 
osmium fixatives such as Champy or Flemming are especially 
recommended for small non-chitinous forms. 

For arthropods or other refractive invertebrate material, it has been 
customary to use celloidin or celloidin-wax imbedding. The recently- 
introduced ester wax technique of Steedman (Nature, clvi, 1945, 
p. 121) has provided a method that for many invertebrate tissues is 
at least as good as, and often superior to, celloidin imbedding ; it has 
the added advantage of requiring only the time normally required 
for paraffin-wax imbedding. Many invertebrates show marked con- 
traction and often contortion on fixation ; such forms normally require 
special narcotisation methods before fixation. 

Mucoproteins in invertebrates, see Evher and HUnson (Journ. Roy, 
Mic, Soc., Ixv, 1945). 

TUNICATA 

781, A method of Lo Bianco t for killing simple Ascidians in 
an extended state has been given (IT). Some forms, such 
as ClaveUina, Perophora, Phalhma, Molgula, Cynthia, etc,, 
should first be narcotised by treatment for from three to tw^elve 
hours with chloral hydrate (1 : 1000 in sea-water), then killed in 
a mixture containing : 1 per cent, chromic acid, 10 parts ; 50 per 
cent, acetic acid, 100 parts ; and finally hardened in 1 per cent, 
chromic acid. The compound Ascidians with contractile zooids 
may be left in clean sea- water till the zooids have become fully 
extended, then fixed by Van Beneden’s acetic acid process 
(steel instruments being avoided for manipulating them). We 
strongly recommend this process. 

Lo Bianco recommends for this group the chloral hydrate process 
followed by fixation with sublimate or ehromoacetic acid, 

Harakt and Verniers (Faune de France, xscyH, 1987, p. 8) recom- 
mend narcotising ascidians in 4 per cent, cocaine hydrochlorate in 
sea-water or 7 per cent, magnesium sulphate. For fixation of the 
ascidian test without shrinkage Das (Journ, Morph,, Iviii, 1936, p. 8) 
recommends the fluid of Lacaze-Duthiers (Mem. Acad. Sci. Inst, 
France, xlv, 1893, p. 1) ; chloral hydrate, 40 grm. ; mercuric chloride, 

* Revised by J. D. S. 

t References to methods of Lo Bianco in this chapter are all to his 
paper in Miilh, Zool Stat, Neapel, ix, 1890, p. 435. 
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1 gmi. ; tartaric acid, 5 grm. ; water, 10 litres. Most small pelagic 
tunicates are easily fixed with osmium tetroxide or corrosive acetic 
solutions. Ascidian embryos are conveniently handled after fixation 
by transferring to 1*2 per cent, agar solution as it is cooling. On 
solidification, small agar cubes containing the embryos are cut out 
and imbedded as usual, staining in eosin being carried out in 95 per 
cent, alcohol for easy orientation (Dalcq, Arch, Biol., xlix, 1938, p. 400). 

Berrill {Biol. Bull., Ixiii, 1932, p. 381) has shown that the egg 
membranes of Ascidiella can be readily digested by placing in stomach 
juice of the crab Munida. 

MOLLUSCOIDEA 

782. Polyzoa. It is important to remove mud from specimens 
before mounting. This can easily be done by placing in several 
changes of fresh water for twenty-four hours. For some methods 
of killing and fixing see 17 and 20. Lo Bianco employs 
the chloral hydrate method followed by sublimate fixation for 
Pedicellina and Loxosoma. For Flustra, Cellopora, Bugula, 
Zoobothrium, he uses the alcohol method of Eisig. 

For fresh-water forms, Hurrell {Trans. Micr. Soc., xlvii, 1927, 
p. 135) recommends Rousselet’s fluid (13). After narcotisation, 
he fixes with 5 per cent, formalin for twenty-four hours and stores in 
2j per cent, formalin. The latter solution plus a trace of glycerine is 
also excellent for mounting as it retains the natural hyaline appearance ; 
stronger concentrations of formalin produce an opaque appearance. 

For larval SmiUina, Stack {Proc. Zool. Soc., cviii, 1938) uses 
Flemming without acetic. Borax carmine is recommended for whole 
mounts ; orange G is a useful counterstain. 

Brachiopoda. Lo Bianco kills small animals in 70 per cent, alcohol, 
larger ones being first narcotised with alcohol and sea-water. Bloch- 
MANN {Untersuch. fein. Bau BracJiiopoden, Jena, 1892) fixes prin- 
cipally with sublimate, macerates by the Hertwig’s method (§ 535), 
decalcifies with 1 per cent, chromic acid (for thick shells add a little 
hydrochloric or nitric acid) or with nitric acid in alcohol of 50-70 
per cent., and imbeds in paraffin or celloidin. Senn {Acta Zool., xv, 
1934, p. 19) recommends Bouin or corrosive acetic followed by decalci- 
fication in 5 per cent, nitric acid. 

MOLLUSCA 

783. For a detailed account of technical methods for Mollusca, 

see especially the review of Rotarides {Zeit.f. Mikros., xlv, 1928, 
p. 296). a^id Narcotisation : Gastropoda. For terrestial 

forms, drown in a tightly closed vessel completely filled with 
boiled (if?., air-free) water; animals will die in twenty -four to 
forty-eight hours in an extended condition. For narcotisation 
Rotaribes (tec. at) recommends 0*1 per cent, chloral hydrate 
which usually kills in an extended condition and is often quicker 
than drowning. For marine forms a 1 per cent, solution of 
magnesium chloride or sulphate is indicated (Trojan, mik. 
Auai., Ixxv, 1910 ; Szuts, Zool. Anz., xlv, 1915). Crofts (jPMZ. 
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Tram. H, c<‘Kxviii, 1937, p, 219) usesoiily 'a of magnesium 
chloride for early larvie of Halioiis. Smith (Phil Trans. B, ccxxv, 
193-1. p. 99) extends lame of Patella in 5 per cent, magnesmrn 
chloride for ten minutes prior to fixation. Lamellihrcmdiiata : 
Free specimens from mud and narcotise in 1 per cent, chloral 
hydrate or 10 per cent, alcohol. After twenty-four hours open the 
shell and separate the valves with a cork to prevent complete 
closure later ; complete the killing in luke-warrn water. Mussels 
may also be killed rapidly in hot (60‘^-70'' C.) water (Rotarides, 
loc. ciL). 

Flemming (Arch. mik. Anat.^ xv, 1878, p. 252) kills XJmo and Anodonta 
(for injection of vessels) by freezing in a salt and water mixture and 
throws them into lukewarm water. Lo BixInco (loc. cit.) kills marine 
mussels in an extended condition in 5 per cent, alcohol in sea-w'ater or 
with cocaine. Bruck (Z. wiss. Zool.^ ex, 1914) forces open the shell 
of Anodonta and narcotises with cocaine or hydroxylamine or chloral 
hydrate (six to twelve hours). 

Cephalopoda : For obtaining extended cephalopods, the injec- 
tion method gives good results. Robert {Bull. Sc. France Belg, 
xxii, 1890) injects 5 to 10 per cent, cocaine with a hypodermic 
syringe. Hymans {Bull. Acad. Belg., xxxii, 1896) uses ethyl 
bromide, injected under the skin. Lange {Anat. Refte.^ Ixi, 
1902, p. 84) brings into water with enough chromic acid to make 
it a Rhine -wine colour, wuth an airtight cover to the vessel, and 
when the animals are relaxed injects witli 1 per cent, cocaine, and 
after five to fifteen minutes dissects and fixes. 

784. Alimentary Canal of Molluscs. Bonin is useless for the 
histology of the gut. Chrome-osmium fixatives (Champy, 
Flemming-without-acetic, Altmann, Regaud, Sehridde) are good ; 
Duboseq-Brasil is recommended for intracellular fibrils (Millot, 
Phil. Trans., cexxviii, 1937, p. 1 ; Graham, Tram. R. Soc. Edin., 
Ivii, 1931, p. 288). 

Freiter (Trans. R. Soc. Edin., lix, 1936, p. 120) demonstrates the 
presence of glandular secretory cells in the gut of Polyplacoplmra by 
the following method : Inject with iron saccharate in solution in sea- 
water, and after varying periods of time fix in 5 per cent, ammonium 
sulphide in 95 per cent, alcohol plus Bouin (1 : 1). Imbed and section ; 
treat sections for ten minutes in 10 per cent, potassium ferrocyanide 
followed by five minutes in 2 per cent, hydrochloric acid, wash in tap- 
water and counter stain in eosin. 

785. Nervous System, For dissection of t!ie nervous system of 
nudibranchs, Russell (Ptoc. ZooL Soc., xiv, 1929, p. 14, kills in 
weak cocaine hydrochloride and preserves in formalin or alcohol. 
The latter makes the nerves less brittle than the former but has 
the disadvantage of keeping the nerves transparent. In alcohol 
the nerves become white and shorten and thicken but the sur- 
rounding tissue also becomes opaque. It is useful to stain the 
partly dissected animals in alum carmine or aniline blue. 
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Savage (^mer. Nut ., Ixxii, 1938, p. 160) fixes extended gastropods 
in Bonin for dissection and softens preserved specimens by adding a 
little glycerine. Dryer {Zeit. wiss. ZooL, xcvi, 1910, p. 380) narcotises 
niidibranclis with cocaine, and for studying the nerves fixes them with 
Mayer’s picro-formol, puts them for a week into a mixture of 1 grm. 
iron alum with 2 c.c. of formoi in 40 c.c. of water, makes sections and 
stains with iron hsematoxylin. J, Z. Young (Phil. Trans., ccxxix, 
1939, p. 465) finds, for good fixation of nervous system in cephalopods, 
that it is necessary to make up fixatives in sea-water. He especially 
recommends for giant cells and axons (a) picric acid saturated in sea- 
water, or (5) 15 parts formoi in 85 parts water, or a mixture of (a) 
and (b) 15 : 85. Other fixatives were unsatisfactory. Carter (Journ. 
Emp. Biol., iv, 1926, p. 1) applies Lowit’s gold chloride methods for the 
nervous system of nudibranch veligers, using 25 per cent, formic acid 
nstead of full strength. 

For vital staining and silver impregnation methods, see especi- 
ally Alexandrowicz (Arch. zool. Exp. Gen., Ixvi, 1927, 71). 
Rongalit-white methylene blue is injected into the organisms or 
the entire animal may be immersed in it. The solution is very 
toxic to Sepia and Loligo and these forms will only survive a 
few minutes. To retain the colour in the tissues, they are first 
fixed in a saturated solution of ammonium picrate for thirty to 
sixty minutes then left for some hours in 5 to 8 per cent, ammonium 
molybdate. The impregnation methods of Cajal or Bielschowsky 
can in general be used. For innervation of the eye, Alexandrowicz 
prefers the Schultze method as modified by Stohr (Anat. Anz., 
liv, 1921) or an ammoniacal silver method. 

Klein (Z. Zellforsch., xv, 1932) uses Cajal’s “ A ” method for staining 
nerve endings. Hanstrom Zoo/., vi, 1925, p. 183) uses Kopsch’s 
formol-bichromate or the osmium-bichromate method of Cajal for 
innervation of the tentacles of Helix and Limax. 

786. Eyes of Gastropods. See previous edition. 

787. Eye of Cephalopoda. Alexandrowicz (Zoo. cit) fixes in 
Bouin, Zenker or 15 per cent, formoi and stains in iron hsemat- 
oxylin-eosin-light green or Mallory ; he also uses vitra-vitam 
methods as above. 

788. Eyes of Lameflibranchiata. Roche (J, R. Micr. Soc., 
xly, 1925, p. 148) finds corrosive sublimate or corrosive acetic 
preserves the coats of the eye well ; Flemming and Perenyi gives 
good general fixation but Bouin or Carnoy gives the best results. 
Iron hsematoxylin or iron-brazilin are excellent general stains. 
Innervation of sensory retina cells is best seen with Bielschowsky’s 
method omitting the pyridine treatment and using weak silver 
nitrate solution. Double imbedding is recommended but is not 
essential. 

789. Shell. Sections of decalcified shell are easily obtained 
by the usual methods of grinding (Truemann, J. R. Micr. Soc., 
bcii, 1942, p. 69). 
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790. Maceration Methods for Epithelium. EncxElmann (Pfugers. 
Arch.^ xxiiij 1880, p. 505) macerates the intestine of Cyclas in 
0*2 per cent, osmium tetroxide (after having warmed the animal 
for a short time to 45—50° C.) or in a concentrated boracic acid 
solution. 

791. Cilia. The entire intra-cellular fibre apparatus may be 
isolated by teasing fresh epithelium from the intestine of a 
Lamellibranch (e.g., Anodonta) in either 4 per cent, potassium 
bichromate or 10 per cent, salt solution. To get good views of 
the apparatus in situ in the body of the cell, macerate for not 
more than an hour in concentrated boracic or salicylic acid. 
Very dilute osmium tetroxide (c.g., OT per cent.) also gives good 
results. The “ lateral cells ” of the gills are best treated with 
strong boracic acid solution (5 parts cold saturated aqueous 
solution to 1 part water). Lucas (J. Morph,, li, 1931, p. 147) 
macerates gill epithelium with 30 per cent, sodium borate. 

For otlier methods see §§ 739 and 886, and last edition. 

ARTHROPODA 

792. General Fixation of Arthropoda. As general methods for 
the study of (*hitinous structures the methods worked out by 
Mayer (see §§ 102, 103) are excellent. It is, at all events, abso- 
lutely necessary, in the preparation of entire organmns or unopened 
organs, that all processes of fixation, washing and staining should 
be done with fluids possessing great penetrating power. Hence 
picric acid combinations should in general be used for fixing, 
and alcoholic fluids for washing and staining. Concentrated 
picro-sulphuric acid (or picro-nitric) is the most generally useful 
fixative, and 70 per cent, alcohol is the most useful strength for 
washing out. Alcoholic picro-sulphuric acid may be indicated 
for fixing in some cases. 

If however, the animals or orgaiis can be properly opened, the 
usual methods may be employed. 

793. Crustacea. Some forms such as the Gopepoda or larval 
Decapoda are very satisfactorily fixed with sublimate. It is 
sometimes indicated to use the sublimate in alcoholic solution. 
Some Gopepoda, however {Copilia, Sapphirina) are better pre- 
served by means of weak osmium tetroxide solution; likewise 
the Ostracoda. In many cases the osmium tetroxide will produce 
sufficient differentiation of the tissues, so that furtlicr staining 
may be dispensed with. Manton {Phil, Trans,, ecxxiii, 1935, 
p. 166) fixes larval Crustacea in formoi bichromate in 5 per cent, 
formalin and clears from 90 per cent, with methyl salicylate. 

Planktonic Crustacea are conveniently handled with the aid of a 
hand centrifuge, care being taken to avoid rough treatment. If time 
permits, it is safer to allow the material to sink under its own weight 
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after each treatment, and decant the supernatant liquid as required. 
Several changes of the clearing fluid are necessary if this method be 
adopted. 

794. Imbedding and Sectioning Chitinous Material.* The 
problem can be attacked in a number of ways, the method most 
satisfactory for any particular material depending on the amount 
of chitin present : {a) avoid higher strengths of ethyl alcohol 
substituting instead one of the other alcohols, see 125 ; {h) carry 
out the whole imbedding in dioxan 131 ; {c) make the wax 
very hard by adding ceresin, 181 ; (d) use Steedman’s ester 
wax 182 ; (e) use the proprietary substance diaphanol, below ; 
(/) imbed in celloidin or celloidin wax, 795 ; (g) Phenol, §173). 
Such insects as aphids can be cut easily by avoiding ethyl 
alcohol and xylol, as made possible by (a) and (b), while insects 
more thickly chitinised can be treated by the remaining methods. 

Diaphanol is best used on animal and plant tissues in glass-stoppered 
bottles at room temperature in diffused daylight. The fixed and 
hardened tissues are rinsed in 63 per cent, alcohol and then placed in 
diaphanol till they are perfectly bleached and softened. In case of 
discoloration of the diaphanol the process must be repeated. The 
tissues are now placed directly into 63 per cent, alcohol. After the 
tissues have been well hardened in alcohol, they are then transferred 
through tetralin (tetrahydronaphthalene) into paraffin. It is essential 
to pierce or cut the objects in different places prior to all procedures. 
All hardened objects produce CO 2 which must be given an avenue to 
escape. Diaphanol has the disadvantage that it often spoils histo- 
logical detail (Dickens, Trans. R. Ent. Soc., xciv, 1944, p. 107). 

(Refer also to Schulze, Sitz. Ges. nat. Freude, viii-x, 1921, and 
Biol. Central., 1922 ; Duysen, Ber. deutsch. botan., xcii, 1922.) For 
other softening methods see 10th Edition. 

Ester Wax (see § 182). This method is too recent to have been 
widely tested, but with material that is not too heavily chitinized it 
may prove useful. We have seen beautiful preparations of crustacean 
eyes and also sections of large forms such as Gammarus obtained by this 
method. 

795. Double Imbedding of Insects (see also § 201). A. E. 
Boycott dissolved 1*5 grm. desiccated celloidin chips in 50 c.c. 
clove oil, or better, adds the celloidin in an ordinary ether-alcohol 
solution and evaporates the solvent off over-night. 

It takes many days to dissolve thoroughly, but the time may be 
shortened by keeping it at 90° F. Fix objects in absolute alcohol; 
bring into clove oil, and allow this to clear the preparations, then 
transfer to the clove oil celloidin. The time in this must be gauged 
according to the size and nature of the insect ; fleas, if a rupture is 
made in the chitinous covering, are penetrated in twenty-four hours 
or less. When ready to imbed, dip a coverglass in melted paraffin 
wax, to get a smooth surface on which the celloidin will not spread, 
but form a thick drop. Place the insect on the prepared slide in a drop 
sufficient to cover it completely, and arrange in any desired position. 
Invert the coverglass and float on some chloroform ; leave for half 
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an lioiir or longer, according to the size of the drop. The drop of 
celloidin shotiki fall away from the glass. Transfer to melted wax 
and allow time for tlie wax thoroughly to permeate (twenty minutes, 
is long enough for fleas and lice). The result will be a small tablet- 
shaped mass of spongy celloidin impregnated with wax ; this can be 
at once imbedded or may be put a'way for future use. (The late Pro- 
fessor Boycott informed us that he has never left his preparations for 
more than two to three weeks at a time, so that he has no data as to 
how long the same should be kept, but they could probably be stored 
indefinitely.) 

Wilson’s (J. Roy. Mier. Soc., liii, 1938, 220), see § 201. 

For exact orientation of eggs or minute larvae during double 
imbedding, see the method of Newth [Qurn't. J. Micr. Sci., Ixiii, 
1919, p. 545) widely used by insect embryologists. 

For some Diptera, Fediculidce and Mallopkaga the methyl benzoate 
double imbedding method of Peteefi (§ 203) is sufficient (Ries, 
Z. ZellfoTSch., xvi, 1932 ; Hasson, Trans. R. Ent. Soc., xciv, 1944, 
p. 107). See also Reichardt and Wetzel’s (Z. /. Miktos., xlv, 1928, 
p. 470) modification of Peterfi’s method. 

796. Fixation of Insects. Carnoy, Petrunkevitch, alcoholic and 
ordinary Bouin are excellent for insects. 

797. Embry ©logical Material, Insect eggs are always difficult 
to fix and section ; the presence of masses of hard yolk being a 
particular source of trouble. See §§ 172-174. 

Many years ago, we were shown a method for dealing with insect 
material by the late Professor Sir Edward B. Poulton. This con- 
sisted neither of special fixing or imbedding methods, nor of the use 
of special microtomes ; the object imbedded in wax, say a hard egg, 
was exposed carefully on the side on which lay the yolk, and the latter 
was scooped out with a suitably fine instrument, under the dissecting 
microscope. Alternatively, the chitinous exo-skeleton of a hard ant 
or beetle was picked olf with needles, and the object re-imbedded. 
It is wonderful what can be done with this method, but of course it is 
not applicable to every object and does not get rid of internal chitin. 
Great help may be got by killing beetles and such insects just after 
emergence before the chitin has properly hardened. 

Many types of insect eggs may be sectioned after merely 
imbedding in hard wax by use of the celloidin paint method, and 
a very sharp knife on a sliding microtome. Even moth eggs can 
be sectioned thus. See § 172 for paints. 

In all cases every egg, before imbedding, and preferably while 
in 70 per cent, alcohol, should be pricked with a very sharp and 
very fine (glass) needle. This facilitates the penetration of the 
various reagents, and shortens the time of imbedding. Heat is 
to be avoided whenever possible, so that if wax be used the objects 
should be transferred to carbon bisulphide from alcohol, thence 
to carbon bisulphide and wax, and left overnight in an open 
dish in a warm place, and imbedded quickly next day in pure 
wax. We are often doubtful if the celloidin wax imbedding 
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method really helps for such objects. But it is certain that the 
celloidin paint method, while sectioning, is advantageous. 

Elteingham (Trans, R, Ent, Soc,, Ixxxy, 1936, p. 281) fixes eggs of 
tsetse flies in picro-chlor-acetic acid, transfers to Solvax from 70 per 
cent, alcohol, leaves in Solvax overnight, transfers to paraffin wax 
(changed after fifteen minutes) and imbeds. Rapidity of this process 
and consequent short exposure to heat, combined with the absence at 
any stage of strong alcohol minimises the hardening of the chitin. 

Thomas (Quart. J. Micr. Sci., Ixxviii, 1936) places eggs of stick 
insects in diaphanol for a few minutes to soften chitin, washes in 63 
per cent, alcohol to remove diaphanol, fixes in hot (65°“70° C.) Bouin 
and double imbeds in celloidin-wax. 

The fluids of Petrunkevitch which contain phenol (173) are 
often useful for embryological (or other) material — ^the phenol 
giving a peculiar elastic texture to the chitin. They have the 
disadvantage however that fixation is often poor. Smith (Stain 
Tech., XV, 1940, p. 175) fixes in any fixative and takes up to 
65 per cent, alcohol, brings into ethyl-alcohol-N butyl alcohol 
mixtures and finally into 40 per cent, phenol in pure N butyl 
alcohol (two changes). Equal parts of pure paraffin wax are then 
added and the object placed in an oven for sixteen hours and 
finally imbedded in pure wax, the block being cut to the surface 
of the object and soaked in water before cutting. Saw-fly eggs 
in pine or spruce may be sectioned by this method. 

798. For J. A. Murray’s phenol method which enables whole 
insects to be sectioned, refer to § 173. 

799. For Mounting Fluids for Arthropoda in general, see §§ 428- 
452. Cowdry (op.cit.) recommends simply dropping into creosote 
(B.P. or U.S.P.), leaving till permeated and then mounting in 
balsam. Creosote is mainly cresol and guaiacol. 

800. Staining Whole Insect Embryos. Fix in Bouin, Gilson, or 
Carnoy and stain whole with Feulgen. With this method the 
embryo becomes sharply defined and the yolk which remains 
uncoloured may be counterstained with light green. Embryos 
are cleared in clove oil and mounted in thin balsam so that they 
can easily be rolled over and examined from all angles (Schmuck 
and Metz, Science, Ixxiv, 1931, p. 600 ; Tiegs and Murkay, Quart. 
J. Micr. Sci., Ixxx, 1938, p. 162). 

801. Tests for Chitin. Chitin is an amino-polysaccharide and 
chemical tests for chitin depend on the fact that after treatment 
with concentrated KOH or NaOH it becomes decomposed into 
chitosan. The solubility of chitosan in dilute acids, its iodine-acid 
colour reaction and the characteristic properties of chitosan 
salts — ^particularly of chitosan sulphate — ^form the basis of the 
best modern microchemical tests for chitin. 

The methods of earHer workers (Zander, Schulze et al.) though still 
sometimes used, have l)een shown by Kuhnelt (B?oZ. Zenthl., xlviii, 
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1928» p. 374) to be non-specifie for cMtin and may be given by other 
polysaceharides and even by certain inorganic substances. 

For a critical account of the methods of detection and estimation 
of chitin see Campbell (An?i, Ent. Soc, Amef.^ xxii., 1929, p. 401) who 
gi\'es tlie following modification of the methods introduced by Wisse- 
LiNTui (Jahrb, Wiss, Bot,, xxxi, 1898, p. 619) and Brunswick (Biochem. 
Ztschr., xxxviii, 1928, p. Ill) : — 

Place fragments (or hand sections) of the material to be tested in a 
saturated solution of KOH and heat for fifteen minutes at 160° C. in 
a tube closed by a Bmisen valve Wester (ZooL Jahr. Abt, syst, Tiere.^ 
xxviii, 1910, p. 53) uses an oil bath at 160° C. ; Yonge {Proc. Roy, Soc, 
B, cxi, 1932, p. 298) simply heats in a boiling water bath.) If the 
material is dissolved completely no chitin is present. If there is an 
insoluble residue bring it through 90 per cent, alcohol into water. 
The following tests indicate chitin : — 

(a) Treat a piece of the insoluble material on a slide with a drop 
of 3 per cent, acetic acid ; material consisting entirely of chitosan will 
completely dissolve. Add a drop of 1 per cent, sulphuric acid — a white 
precipitate of chitosan sulphate will be obtained. 

(h) Treat another piece of insoluble material with a drop of 0*2 per 
cent, iodine in potassium iodide — a brown stain is obtained. Draw 
off this drop with a capillary tube and replace with a drop of 1 per cent. 
sulphuric acid — a deep reddish-brown colour is obtained. Crys4:als 
of chitosan sulphate are formed by replacing the dilute acid by 75 per 
cent, acid (by vol.) covering and setting aside for several days. 

The7r is no specific microscopical stain for chitin, Yonge 
(o^), cit ; and Proc, ZooL Soc, A, cvii, 1938, p. 499) gives the 
following staining reactions of chitin with standard stains : safranin 
and light green — ^green ; erythrosin — faint red ; Mallory — 
blue; mucicarmine— faint pink; Delafield’s hiematoxylin — 
almost colourless ; toluidin, thionin, Heidenhain’s haimatoxylin, 
Ciaccio, sudan III — ^all colourless. 

802. Tracheae. These may be studied by the Golgi bichromate 
and silver process. ^Iartin (C. E. Soc, Philomath, 1893, p. 3) 
injects them with indigo white (through the body cavity and puts 
into boiling water from which air has been expelled by boiling. 
Tracheae blue. 

Roonwal (Qiiari, Journ. Mic, Sci,, Ixxvii, 1935, p. 605) simply 
mounts white-fly nymphs in glycerine or chloral hydrate to 
demonstrate tracheae. 

803, A method of injecting insect tracheae permanently has 

been given by Hagmann IVc/k, xv, 1940, p. 115). Two 

solutions are required, one for staining and one for fixing. 


;; STAINING.: SOLUTION (A) ' 

Trypan bhie, 2 grm. ; No. 3, 1 grm. ; glacial 

acetic acid, 10 c.c. ; distilled water, 90 c.e. 

^ A detergent produced by the Monsanto Chemical Co., St. Louise, Mo. 
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FIXING SOLUTION (B) 

40 per cent, formol, 15 c.c. ; glacial acetic acid, 10 c.c. ; satu- 
rated BaClg in HgO, 75 c.c. 

Live specimens are chloroformed and suspended in a small basket 
over solution A in a closed Jar. Air is then exhausted by a vacuum 
pump and after fifteen minutes the basket is lowered into the solution 
and allowed to remain in it for a further fifteen minutes. Air is then 
slowly let in. Fix in solution B for three hours to overnight. As the 
dye is insoluble in 70 per cent, alcohol, insects may be stored perma- 
nently in this. Sections reveal that aU trachese and many tracheoles are 
stained by this method. 

804. Eyes of Arthropods. For methods see earlier edition. 

805. Ixodidae, etc. The examination of ticks is unusually 
difficult, not only on account of their exo-skeleton, but also 
because of variable degrees of distension with blood. It is best 
to strip off the chitin after a few hours’ preliminary fixation in 
formalin or Regaud’s fluid, which makes the underlying tissues 
firmer and prevents needless injury. Sometimes it is better to 
delay until dehydration has been commenced. Prolonged action 
of alcohol makes the chitin more than ever brittle. Another 
method with nymphs or adults engorged with blood is to squeeze 
the viscera out through a small opening in the exo -skeleton. A 
pair of artery clamps is better than ordinary forceps because 
with them the pressure can be regulated and maintained. With 
a clean, wet needle the viscera can be free as a single drop which 
keeps its shape well as it falls in the fixative. For this purpose 
Regaud’s fluid gives poor results as compared with Zenker’s 
fluid, Giemsa’s sublimate and sublimate acetic, because in it the 
tissue tends to disperse instead of retaining its spherical shape. 
For staining, Giemsa’s method is suggested (Cowdry, Journ, 
Exp, Med., xlii, 1925, p. 257). For the technique of dissecting 
ticks, see WoimACH (Journ, Med, Res,, xli, 1919, p. 67. Useful 
suggestions for the recognition of blood-feeding arthropods are 
given by Hertig and Wolbach {Journ. Med. Res., xliv, 1924, 
p. 338). See also Slieer and King, § 174, for a method of soaking 
the paraffin block. 

806. Arachnida. Duboscq-Brazil or Flemming are recom- 
mended for fixation (Savory, The Arachnida, Arnold & Co., 
London) ; even better results are given with the fluid recommendedi 
by Petrunkevitch {Trans. Conn. Acad. Sci., xviii, 1913, 1) : 
60 per cent, alcohol, 100 c.c. ; nitric acid, 3 c.c. ; ether, 5 c.c. ; 
copper nitrate, 2 grm. ; p-nitrophenol, 5 grm. Specimens can be 
left in this fluid for long periods without damage. Petrunkevitch 
also recommends clearing entire spiders for whole mounts in 
tetrahy drophthalene . 

Double imbedding is usually necessary except in the case pf 
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• animals which have just moulted. See especially Millot (SmZL 

I Bwl. France Belg.,vm,l9'iQ). 

i ; VERMES 

I *'- 807. Chsetopoda : Cleansing Intestine. Kukenthal (J. Boy, 

I Mic 7 \ Soc,, 1888, p. 1044) puts Lumhricus into a glass vessel 

j filled with bits of moist blotting paper. They gradually evacuate 

I the earthy particles from the gut, and fill instead with paper: 

5 See § 29 under narcotisation, for earthworms. Voght and 

I Yung (Traite d'Anat Comp. Prat., 5) recommend coffee grounds 

I instead of paper, as they cut better after imbedding, 

j Cocke {Science, Ixxxvii, 1938, p. 443) feeds on corn meal and 

,j agar (1:1). 

f Many polychastes contain sand grains in their intestine. At 

|f least part of the gut can be cleared by leaving the specimen in 

i - ' clean water for several days before fixation (Brown, Proc. E. 

Soc. Edin., Iviii, 1937, p. 139). 

808. Killing. Most polychsetes can be narcotised by adding a 
few drops of chloroform to the worm in water and shaking up in 
j ; a stopped jar. Refer also to Chapter II. 

Ij} Cerfontaine (Arch, de Biol., x, 1890, p. 327) injects interstitially 

S;: about 2 c.c. of a 1:500 solution of curare. Hess (Journ. Morph., 

1 1 xl, 1925) narcotises in 1 per cent, chloretone. Collin {Zeit. wise. ZooL, 

;; xlvi, 1888, p, 474) puts Criodrilus lacuum into a closed vessel with a 

: little water, and hangs up in it a strip of blotting paper soaked in 

chloroform. Kukenthal (Die mik. Technik, 1885 ; Zeit. wiss. Mik., 
1886, p. 61) puts annelids into a glass cylinder filled with water to the 
height of 10 cm., and then pours 70 per cent, alcohol to a depth of 
1-2 cm. on to the water. For OpheliadJB he also employs 01 per cent, 
chloral hydrate in sea- water. Many marine Chietopoda may be success- 
fully narcotised (Lo Bianco) in sea-water containing 5 per cent, 
alcohol, or by means of the mixture (§19). Lo Bianco advises killing 
Chaetopteridiai, Sternaspidse, Spirographis, and Protula by putting 
them for half an hour in 1 per cent, chromic acid. Some of the Poly- 
chaeta sedentaria may be got protuded from their tubes by leaving 
them for some hours in 0*1 per cent, chloral hydrate. 

See also the methods § 10 to § 29. 

For general anatomical work, hot Bouin is recommended for 
Oligochseta and also for larval Polychsetes. Gold Bouin or 
Flemming-without-acetic is excellent for adult Polychaetes or 
late larval stages ; hot solutions should not be used as heat 
frequently shrivels the branchise. Cirratulids are best in Susa 
(Stone, Pap. Tortugas Lab ., xxix, 1934, p. 4). Segbdve (Proc. 
Zool. Soc. B., cviii, 1938, p. 85) observes that Polyclnctes fixed in 
chrome osmium fixatives become black-brown but the chicta 
remain white and their distribution can be easily >studied by 
reflected light* 
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809. Nerves of Annelids. The methylene blue methods or 
modifications of Cajal’s silver nitrate technique give excellent 
results. Dawson {Journ. Comp. Neur,, xxxii, 1920, p. 158) 
injects earthworms with 1 per cent, methylene blue, or immerses 
the entire worm in the solution until a deep blue. For the silver 
method he fixes small pieces of worms 5-10 mm. long in Boule’s B 
mixture (see last Ed.) for twenty-four to forty-eight hours impreg- 
nates for six days in 1*5 silver nitrate at 38° C. and reduces in 

1 per cent, hydroquinone for twenty-four hours. Smallwood 
{Journ. Comp. Neur., xlii, 1926, p. 46) uses the gold chloride 
method with formalin-fixed material for peripheral nervous 
system. 

For tracing the nervous system of Lumbricus by dissection, 
Hess {Journ. Morph., xl, 1925) narcotises in 0-1 per cent, chlore- 
tone and opens under water, after which the excess water is drawn 
off with a pipette ; 2 to 3 drops of 2 per cent. OsO^ are added 
and the dissection allowed to stand for ten minutes when the 
nerves become dark ; the OSO 4 is then washed off. As the osmium 
will only stain exposed nerves, it is necessary to add new solution 
and wash off as more nerves become exposed during dissection. 
See also Stough {Journ. Comp. Neurol., xl, 1926, p. 413) and 
earlier edition. 

810. Hirudinea. For methods of killing see those given for 
chsetopoda and also § 29. Lee has obtained good results 
by narcotising with carbonic acid (25) and fixing with Flemm- 
ing. He has also found that lemon juice kills them in a state of 
very fair extension. Apathy succeeds with 4 per cent, alcohol. 
Brown {Year Book N.W. Nat. Union, 1935, p. 30) recommends 
narcotising with 90 per cent, alcohol, menthol, chloretone or 
equal parts soda-water and tap water. Fix in Bouin or corrosive 
sublimate. Meyers {Journ. Morph., Ivii, 1935, p. 618) pins 
Placobdella to a wax base and narcotises with carbonated water, 
and fixes in corrosive acetic. 

Harding and Moore {Fauna of British India. Hirudinea. 
London, xxxviii, 1927, p, 118) fix in 50 per cent, alcohol and 

2 per cent, formalin (1:1) and store in 85 to 90 per cent, formalin 
which preserves the colour. For histology they recommend 
fixation in picro-alcohol (70 per cent, alcohol plus 0*2 per cent, 
picric acid). See also von Gelei fm Techodih. der wise. Biol. 1 
Allegm. Morph., Berlin, 1928, p. 1264). 

811. Acanthocephala. It is difficult to obtain worms in an 

extended condition with the proboscis extruded. We have had 
some success with small iorms AcanA^ anthuris 

by covering with a large cover-glass in a Petri dish with a little 
saline, waiting until the proboscis is extruded and adding a few 
drops of Mann’s fluid; it is necessary to hold the coverglass 
down lightly with a needle. After killing, the worms are trans- 
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ferreci to Gilson’s fluid. For whole mount preparations borax 
carmine and very dilute Ehrlich’s haematoxylin may be used. 
For cytological or histological study — especially of the lemnisci, 
Champy’s fluid gives exceptionajly good fixation. 

Museum material stored in alcohol may be mounted in glycerine or 
cleared in creosote and mounted in glycerine. For general anatomical 
work Bouin or corrosive acetic can be used. For embryological material, 
fix in Carnoy and stain in Rabl’s cochineal iVlum -carmine (240) ; 
specimens may be preserved in glycerine or dehydrated and stored in 
methyl benzoate. Very minute Acanthocephala in large numbers are 
best centrifuged, (jMeyer, Acanthocephala, in Bronn’s Klassen und 
Ordungen des Tier-reichs, 1933.) For the technique of demonstrating 
the vessel system of the skin see Meyer (Z. Zellforseh., xiv, 1931, 
p. 256). 

812. Nemertinea. Lee’s best results have always been 
obtained with corrosive acetic. Osmic acid and clxromic mixtures 
act as irritants to some forms and provoke such muscular con- 
traction that the whole of the tissues are crushed out of shape by 
them. According to Lo Bianco narcotisation with a solution 
of 0‘1~0*2 per cent, chloral hydrate in sea-water for six to twelve 
hours is useful. Wheeler {Discovery Reports, ix, 1934, p. 217) 
preserves specimens in 75 per cent, alcohol, but fixation in Da 
I\no, and subsequent preservation in 5 per cent, formalin worked 
well with Lineus and served to preserve the colour better. He 
also recommends chloral hydrate for narcotisation ; crystals 
being added to the specimens in a Petri dish. Small forms were 
dealt with by sucking them into a glass tube rather smaller in 
bore than their diameter and holding the tube under hot running 
water from a tap. When the worms were blown out of the tube, 
very little contraction occurred and the worms not only kept 
fairly straight but often left their protective mucous coat in the 
tube which facilitated subsequent examination for deep eye spots 
when in cedar wood oil, Bouin and Bouin-Diiboscq were also 
satisfactory as fixatives, but hot or cold sublimate was not 
successful. Pelagic forms were fixed in 5 per cent, formalin. 

Smith {QuaH. Journ. Micr. ScL, Ixxvii, 1935, p. 340) uses warm 
Bouin-Duboscq for Cephalothrix larvae and imbeds in clove-oil 
celloidin. Early embryological stages can be followed by the 
method of Wilson Morph,, vi, 1892, p. 361) ; larvae are 

fixed, cleared and stained in a mixture of equal parts of glacial 
acetic acid, glycerine and sea-water tinged with aceto-carmine. 

ScHARREB {Journ, Comp, Near,, Ixxiv, 1941, p. 109) for the cerebral 
organ of Cerebratulus fixes in Zenker-formol, Bouin or Susa and imbeds 
in celloidin, and cuts sections at 15—20 ft. Stains recommended are 
Masson’s trichrome method (Foot’s modification), Van Gieson, and 
NissL For whole mounts Lee found it necessary to employ alcoholic 
stains. Borax carmine or Mayer’s alcoholic carmine may be recom- 
mended ; not so cochineal or hsematoxyiin, on account of the energy 
with which they are held by the skin. 
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813. Cestoies. For whole mounts wash in Ringer or Locke 
(heated to the body temperature of the host in the case of warm- 
blooded animals) and fix in hot corrosive sublimate acetic (about 
50® C.) ; compression between glass plates is usually necessary 
during fixation to prevent contraction. Baylis (Parasitology ^ 
xiv, 1922, p. 402) fixes in a partly relaxed state by holding the 
worm by the scholex (when its own weight will cause it to stretch 
sufficiently) and dipping it into the fixative several times. Smaller 
forms whose weight are not sufficient to stretch, may be drawn 
along the edge of the vessel after each dipping so as to exert a 
slight stretch. 

Plerocercoids from cold-blooded hosts can frequently be completely 
relaxed by leaving in tap-water at room temperature for half to one 
hour. Such a method produces beautifully extended specimens but 
sometimes distorts the cuticle and where measurement of this is im- 
portant, the method should not be used. For staining whole specimens 
borax carmine, carmalum, or para-carmine can be used. Deiafield or 
Ehrlich’s can also be recommended if used dilute — a few drops in 
water ; stain for twenty -four hours. For rapid examination of scolex 
lacto-phenol should be used. The scolex is placed alive without previous 
treatment direct from saline or water into the medium and the cover- 
slip ringed with a mixture of equal parts of Canada balsam and hard 
wax. Mounted thus the hooks are clearly defined ; proglottids and 
eggs can also be mounted thus. (Meggit, Parasitology^ xvi, 1924, 

p. 266). 

For general histology, Zenker, Gilson or Flemming is recom- 
mended ; Bouin is poor. Jones (Journ, ParasitoL, xxxi, 1945, 
p. 213) has made a special study of fixatives suitable for chromo- 
somes in cestodes, and recommends Carnoy, Flemming, or sodium 
diurnate solution. Sections should be cut at 14 y. Stain in 
Newton’s crystal violet or the special Feulgen method recom- 
mended by Bhaduri and Semmens (Journ, Boy, micr, Soc,, lx, 
1942, p. 21). 

814. Evagination of Cysticerci. Difficulty is often encountered 
in obtaining evagination of the scolicies of cysticerci. The 
discovery of De Waele (Acad, R, Belg, Bull, class. Sci., xix, 1935, 
p. 1126) that a trace of bile produces almost instantaneous 
evagination has produced a simple method. 

Tease away the pericystic membrane of the cysticercus and free the 
contained larva. Place in Ringer containing a little bile (from the 
gall bladder of the host) In a Petri dish and either place in an oven at 
37° C. for a few minutes or warm gently for a few seconds over a small 
Bunsen flame ; within half to one minute complete evagination is 
produced. Fix as above. Bile salts may be used in place of the pure 
bile (Edgar, Trans, Amer. Micro, ^oc., lx, 1941, p. 121). 

815. Cultivation In vitro. Bacterial contamination makes 
culture of cestodes in intro difficult, but by frequently changing 
the medium some worms can be kept alive for some days (Hoeppei, 
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Feng and Chu, Chin. Med. Journ. SuppL, ii, 1938, p* 343 ; 
Wardle, Physiol. ZooL, vii, 1934, p. 36; Wardle and Green, 
Cmad. Jour. Res., D, xix, 1940 ; BLiekov, C. E. Acad. Sci. 
U.B,S.S., xix, 1939, p. 511), Aseptic cultivation techniques have 
recently been worked out for Schistocephalus and Ligula, and 
pierocercoid larvae can be removed from the fish host and cultured 
to sexually mature adults in vitro (Smyth, Journ. Exp. Biol., xxiii, 
1946, p. 47 ; Parasitology, xxxviii, 1947). For details see original 
papers. 

816. Nematodes. See also § 452. The impermeable cuticle 
is a great obstacle to preparation of both sections and whole 
mounts. Wash by shaking up in saline and fix in hot 70 per 
cent, alcohol ; store in fresh 70 per cent, for examination. If 
this method is properly applied the worms will die extended and 
straight. For examination, transfer to 70 per cent, with 5 per 
cent, glycerine. Place a small bottle of this fluid with worms in an 
incubator at 60® C. and allow to evaporate slowly for about 
twenty-four hours or even two days, which finally leaves the 
worms in almost pure glycerine. Examine in pure glycerine or 
glycerine jelly. For examination after killing in alcohol, transfer 
to absolute alcohol for thirty minutes and clear in white creosote, 
(Leiper, in Science of the Sea, London. John Murray, 1912). 

We find it is necessary that the transference to absolute should be 
as slow as possible with many changes. For small forms this method 
is excellent and the very detailed anatomy can be easily made out. 
B’or larger forms, museum formol-preserved specimens or for rapid 
examination it is better to mount in Langeron’s lactophenol ; specimens 
may be transferred to it alive or after fixation in alcohol. See also the 
modified gum chloral (Li and Yang, Nattire, clvi, 1945, p. 298). 

Faust {Iluma/n Helminthology. Philadelphia, 1939) relaxes 
small nematodes in chloroform water. Minckler (Stain Tech., 
xix, 1944, p. 62) gives the following method for rapid ’’ clearing 
of pin worms : Fix in 10 per cent, formol ; wash in running 
water for several hours; dioxan — ^three changes of one hour 
each ; carbol-xylol (25 c.c. phenol to 75 c.c. xylol) twenty-four 
hours; three changes of neutral xylol— a few minutes each; 
mount in dammer. Good differentiation of internal organs is 
obtained by this method. 

Many nemcUodes — iiotahly hookworms — turn opaque as soon as 
they are immersed in balsam. This opacity is due to air and can 
be avoided by piercing the skin with a fine needle while in 70 
per cent. alc*ohol (Tashmisian, Stain Tech., xx, 1945, p. 26). 

For other methods, see also Pereira and Vaz (Arch. Inst. Biol. Sao. 
Paulo., V, 1934, p. 77). For fixation, hot 70 per cent., warm Carnoy 
or sublimate may be used. Chromic solutions tend to make the worms 
brittle. Clear in cedar-wood oil — not xylol, which increases the brittle- 
ness (Carleton, Histological Technique, Oxford Medical Publications, 
1938) — and imbed in hard wax. Use of alcohol and subsequent harden- 
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iiig can be avoided by using Solvax or Cellosolve. Transfer from 70 
per cent, alcohol to Solvax and leave overnight ; brmg through solvax— 
wax mixture into pure wax and imbed as usual. Steedman’s Ester 
wax is also excellent for imbedding — especially for large forms such as 
Ascaris, Transfer from 70 per cent, alcohol into Cellosolve and imbed 
as usual. 

For thin sections, Douebrow and Roussett {Bull MsL appL^ 
1929) fix in mercuric chloride saturated in 80 per cent, alcohol 
with 5 per cent, acetic acid for four to twelve hours. Transfer 
to iodised alcohol for a few days, upgrade to absolute, then butyl 
alcohol for twenty-four hours. Place in |)arafiin oven at 50° C. 
in butyl alcohol saturated with paraffin for twenty-four hours, 
then pure paraffin for a further twenty-four hours. For fibrillae 
of the uterine cells of Ascaris, Lowdry, Beams and King {Journ. 
Morph,, Ixviii, 1941, p. 585) macerate the uteri in 2 per cent. 
KOH for twenty-four hours, fix in equal parts glycerine, water and 
alcohol, and stain in Heidenhain’s haematoxylin. 

817. Nematode Chromosomes. The following extremely simple 
method recently developed by Lloyd {Nature, civ, 1945, p. 636 ; 
Proc, Leeds Phil. Soc., iv, 1945, p. 251) gives beautiful preparations 
of mitosis, meiosis and fertilisation in nematodes. 

Small nematodes from any convenient host are teased out on a cover 
slip and spread out into a typical smear which is dropped without 
drying into Bouin. Fix for three hours ; bring down and up the alcohol 
grades with half an hour in each. Stain in Delafield’s haematoxylin 
(diluted to port-wine colour) overnight, and differentiate in 1 per cent, 
acid in 70 per cent, alcohol (usually about three hours). Dehydrate 
and clear in clove oil ; mount in balsam. Slow staining is essential ; 
Heidenhain’s haematoxylin or crystal violet methods are apparently 
not successful. 

818. Cultivation of Parasitic Nematodes in vitro. Intestinal 
nematodes die rapidly in vitro on account of bacterial pollution. 
Brand and Simpson {Proc. Soc. Ecop. Biol. Med., xlix, 1942, 
p. 245) have recently developed methods whereby larval Eustron- 
gylides may be cultured aseptically for considerable periods. 
For technical details see original and subsequent papers. See 
also Hoeppli, Feng and Chu (Chin. Med. Journ {Suppl.), ii, 
1938, p. 343 ; Chitwood and Chitwood (Introduction to Nema- 
tology, II, sect. 2). 

819. Trematodes. If necessary, clean by shaking up in physio- 
logical saline (at body temperature for parasites from warm- 
blooded hosts). Change medium several times. Finally shake 
up vigorously in one third tube full of saline and quickly add an 
equal quantity of corrosive sublimate acetic or Gilson’s fluid; 
continue shaking for several minutes when worms will die in 
an extended condition due to muscular fatigue. Place in pure 
fixative for twelve to twenty-four hours. Large specimens 
usually require flattening between glass plates securedly tied, 
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and fixation in hot (50^--60® C.) Gilson or corrosive acetic. Cross 
{Texas Rep, Biol Med., iii, 1945, p. 101)' finds that if cigarette 
paper is inserted between flukes and glass plates penetration of 
fixative is almost instantaneous. 

For staining in toto see methods for cestodes. Gower (Stain 
Tech., xiv, 1939, p. 31) uses a modified earniine that gives sharper 
results than the usual stains (see § 271). 

For general anatomy most workers recommend Gilson’s fluid, 
Markell (Trans. Amer. Micr. Soc., Ixii, 1943, p. 27) finds it 
much superior to Bouin for gametogenesis, vitellogenesis and 
shell-formation. For staining he recommends silver impregnation 
(Bodian) followed by gold toning ; also Heidenhain’s hasma- 
toxylin or azo-carmine counterstained in Roewer’s methylene 
blue and ammonium picrate mixture. 

Miss B. Crowe has found Altmann’s method (§ 904) gives un- 
equalled preparations of Fasciola sections. 

The nervous system and excretory systems can be stained 
intra-vitally by the method of Westblad (Zool. Amz., lx, 1924, 
p. 219). Stain in dilute filtered alizarin in saline. Fix stain in 
tissue by leaving stained worm in lime-water for at least an 
hour. Fix in 5 per cent, formalin, dehydrate, clear and mount 
in thick cedar- wood oil. The preparations are permanent. 

Larval forms may be fixed in Susa, Gilson, Flemming without 
acetic, Hot Bouin or Schaudinn. 

820. For examining living cercaria, Vickers (Q. J. M. S., 
Ixxxii, 1941, p. 311) mounts in fresh ox serum which both stimu- 
lates the flame cells and has a clearing effect on the tissues. 
Stunkard (Journ. Parasiiol, xxii, 1930, p. 268) recommends 
intra-vitai staining to demonstrate the form and reactions of the 
secretory granules in gland cells in cercaria. 

821 . For cultivation attempts see Hoefpli, Feng and Cnu (Chin. 
Med. Journ. SuppL, ii, 1938, p. 343 ; Ferguson (Journ. ParasiioL, 
xxvi, 1940, p. 319). For the technique of obtaining miraeidia of the 
liver fluke for class work see Jeeps (Nature, cxxxii, 1933, p. 171). 

822. Turbellaria, Rapid fixation is necessary. Slow fixation 
causes intensive wndthing resulting in torn musculature. Fixatives 
containing a large amount of acetic acid destroy the rhabdites 
and the decomposition results in gases which cause the epithelium 
to swell and become destroyed. 

823. Planaria should not in general be fixed immediately after 
feeding or the intestine will burst through the body wall. For 
most purposes the animals should have been starved for several 
days. Place on a glass plate and remove most of the water; 
as the animal is crawling with its body extended, drop 2-3 drops 
of 2 per cent, nitric acid on it and it will die in an extended condi- 
tion. It is important that the nitric acid be dropped simulta- 
neously over the whole animal. As soon as dead cover with 


EGEINODEEMATA 


353 


2"-3 drops of Gilson’s or other fixative containing mercuric 
chloride. To show digestive tract, starve for one to two weeks 
and feed on clotted blood ; eight to eighteen hours later kill 
(as above) and prepare whole mounted stained preparations — 
any stain will do, hsematoxylin is excellent ; the digestive tract 
appears (Hyman, Trans. Am. Micr. Soc., 1924, p. 68). 

Gilbeet (Acta ZooL, xvi, 1935, p. 290) kills in an extended condition 
with weak nitric acid before fixation. For general morphological 
detail he fixes in Beauchamp’s fluid (alcohol-formol-acetic acid) which 
although it destroys the epidermis and dermal rhabdites (see above) 
causes little shrinkage and distortion. For sections and' whole mounts 
he also recommends Zenker which preserves the epidermis but not 
the rhabdites. Borax carmine he found was best for whole mounts ; 
for sections, Mallory or Delafield’s haematoxylin and eosin. 

Keener and Stiff (Journ. Morph., liv, 1933, p. 221) obtain Macros- 
tomum in an extended condition by anaesthetising with 15 per cent, 
alcohol ; the enteron is also cleared of food ; they fix in Gilson. 

Nuttycombe and Waters (Biol. Bull., Ixix, 1935, p. 40) fix Stems- 
tonuni in Gilson’s fluid or modified Meves’ fluid (double quantity 
()s 04 +10 per cent, urea) and imbed in rubber paraffin. Keener 
et al. (Biol. Bull., hi\Y, 1933, p. 405) fix in hot (50® C.) Zenker and 
stain in Heidenhain’s haematoxylin. Costello and Costello (Biol. 
Bull., Ixxvi, 1926, p. 81) likewise recommend hot fixatives. 

Ullyott (Quart. Journ. Micr. Sd., Ixxv, 1933, p. 488) kills in 
Steinmann’s fluid (equal parts of : a, con. nitric acid ; b, saturated 
sublimate in 5 per cent, saline ; c, distilled water) and finds 
death instantaneous with practically no muscular contraction. 
He fixes in Zenker and transfers on to cotton wool in 95 per cent, 
alcohol and iodine. 

Dr. Guthrie (Anat. Bee., xxxiv, 1926, p. 151) uses Zenker with 
formic acid substituted for acetic acid and finds Planaria can 
be killed in the cold fluid without writhing or destruction of the 
parenchyma. She stains in haemalum and orange G. 

Jones (Journ. Morph., Ixxiii, 1943, p. 313) finds Goldsmith’s, Flem- 
ming or San Felice all good ; the latter preserves the colour well. For 
intra vital staining see the method of Westblad given under Trema- 
todes. See also Westblad (Lunds Univ. Arskrift. N.F.Avd. 2, xviii, 
1923, p. 1) ; Reisingee (Zool. Anz., liv, 1922, p. 200) ; Steinmann 
(Bev. Stiisse Zool., xl, 1933, p. 529) ; Kromhout (Journ. Morph., Ixxii, 
1943, p. 167). 

ECHINODERMATA 

824. Holothuroidea. These are difficult to fix on account of 
their contracting with such violence under the influence of 
irritating reagents as to expel their viscera through the oral or 
cloacal aperture. 

Vogt and Yung (Anat. Comp. Prat., p, 641) say that Cucumaria 
planci (C. doliolum, Marenzeller) is free from this vice ; but they 
recommend that it be killed with fresh water, or by slow intoxication 
(§ 25). Synapta may be allowed to die in a mixture of equal parts of 
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sta-watfT iuid ether or chloroform (Lo Bianco). CEsteegren (17) 
puts Sijnapta into his ether- water, Dendrochirota first into 1 per cent, 
magnesium sulphate for some hours. {Science, xcvii, 1943, 

p. 588) narcotises holothurians by injecting with 15 c.c. of 8 per cent, 
magnesium chloride in tap-ivater using a fine hypodermic needle, and 
then submerges the animal completely in the same solution. Olson 
{Biol. Bull., Ixxiv, 1038 , p. 343 ) relaxes Thijone in 3 per cent, magnesium 
chloride and fixes in Bouin or Helly. Cucimaria and Thy one may 
also be obtained in a relaxed condition by allowing the tentacles to 
expand in sea-water and then seizing a little below the base of the 
tentacles by forceps with a slight pressure and immersing the anterior 
part of the body in concentrated acetic acid ; 90 per cent, alcohol 
should then be injected into the mouth (Instructions to Collectors, 
British Museum Handbook, 1931 , London). 

825 . Echinoidea. Lee advised that they be killed by injection 
of some fixing fluid. For preservation, formalin has proved 
admirable in all respects and greatly superior to alcohol (Weber). 
Lo Bianco killed by pouring over them (mouth upwards) a 
mixture of 10 parts acetic acid and 1 part of 1 per cent, chromic 
acid and brings at once into weak alcohol. Or he makes two 
holes in the shell, to let the water our and the fixative in. For 
lixation of celiinoid gonads see Miller and Smith {Paps. Tortugas 
Lab., xxvii, 1931, p. 47) ; Tennent and Ito {Journ. Morph., 
Ixvi, 1940, p. 464). 

826 . - Asteroidea. Specimens for externals only preserve in 
70 per cent, alcohol or formalin. They retain their shape better 
if they are put for two or three minutes into fresh w^ater before 
being placed in the fixative. If the internal anatomy is to be 
studied <-"ut along the length of each arm so as to allow fluid 
to enter, and preserve in 2 per cent, chromic acid, etc. Wash 
in running water, transfer to 70 per cent, alcohol ; or the specimen 
may be preserved in formalin spirit or 5 per cent, formalin. 
Hamann {Beitr. Hist. Echinodermen, ii, 1885, p. 2) injects the 
living animal with a fixing fluid through the tip of a ray. The 
ambulacral feet and the branchiae are soon distended by the 
fluid, and the animal is then throwm into a quantity of the same 
reagent. Chadwick (L. M. B. C. Memoirs, 1923, Liverpool) 
finds corrosive acetic the best all-round fixative, but Bouin also 
gives good results. He decalcifies in 5 per cent, nitric acid in 
70 per cent, alcohol for several days with several changes. 

827 . Whole starfish can be stained intra-vitally for migration 
studies with OT per cent, nile blue sulphate in sea-^vater (three to 
five minutes) (Loosanoff, jS'dmce, Ixxxv, 1937, p. 412) ; Vernon 
{Science, Ixxxvi, 1987, p. 64) prefers 0*1 per cent, neutral red. 
Meyer (Z. tcm. ZooL, Ixxi, 1906, p. 96) stains nerve cells and 
neurofibrillar with Mallory's phosphomolybdic acid luematoxylin 
after fixation with strong Flemming without acetic. Smith 
{Phil. Trans., ccxxvii, 1937, p. 14) has likewise had good results 
with Flemming without acetic follow^ed by Mallory or Heidenhain. 
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ZiEPOLG {BolL Soc, Nat. Nap., xlvii, 1930, p. 27) uses CajaFs 
metliod for nervous system. For staining nervous tissue intra- 
vitam, (Smith, Phil. Trans., ccxxxii, 1946, p. 279) uses 1 per cent, 
rongalit white — reduced methylene blue (Grubler) in sea water. 
The tissue begins to stain after about half an hour immersion. 

828. Ophiuridea. Should in general be killed in fresh-water if 
it be desired to avoid rupture of the rays (De Castellaenau, 
La Est. Zool. du Nap., p. 135). Lo Bianco kills small form 
with weak alcohol, Ophiopsila with absolute alcohol, and OpM- 
omyosa with 0*5 per cent, chromic acid. J. E. Smith {Quart. J ourn. 
Micf. Sci., Ixxxii, 1941, p. 267) fixes Ophriothrix in Susa in sea- 
water, Flemming or Mann’s fluid and decalcifies in 2 per cent, 
nitric acid in 70 per cent, alcohol for ten to fourteen days. 

829. Crinoidea. Antedon may be killed rapidly and with the 
arms extended by immersion in fresh water. Fixation in 3 parts 
corrosive acetic plus 1 part formalin is recommended. After 
fixation wash well in 70 per cent, alcohol and decalcify in 3 per 
cent, nitric acid in 70 per cent, alcohol ; leave for twenty-four 
hours after bubbles of gas have ceased to escape (Chadwick, 
L. M. B. C. Memoirs. 1907. Liverpool). 

830. Eggs and Early Embryonic Stages of Echinoderms. 
Horstadius {Pub. Staz. Zool. Napoli, xvii, 1939, p. 221) fixes 
eggs and early embryos of Astropecten in Bouin ; osmic fixatives 
penetrate too slowly. Fell {QuaH. Journ. Micr. Sci., lxx;xii, 1941, 
p. 377) fixes Pectinura (Ophiuroid) eggs and embryos in Zenker’s 
sublimate-bichromate mixture without acetic, or in Bouin and 
immediately after fixation softens the egg membrane in Eau de 
Javei before dehydrating, clearing and imbedding. 

Double imbedding is recommended to facilitate orientation 
of the embryo (Horstadius, op. cit. ; Narasinhamurti, Quart. 
Journ. Micr. Sci., Ixxvi, 1933, p. 63). 

831. Larva of Echinoderms. (From instructions written down 
for Lee by Dr. Barrois.) For the study of the metamorphoses 
of the Echinoidea and Ophiuroidea it is necessary to obtain 
preparations that show the calcareous skeleton preserved (a point 
of considerable importance, since this skeleton frequently affords 
landmarks of the greatest value), and that give clear views of the 
region of formation of the young echinoderm (which is generally 
opaque in the living larva). They should also possess sufficient 
stiffness to allow of the larva being turned about in any desired 
way, and placed in any position under the microscope. 

Pluteus larv0e should be fixed in a cold saturated solution of corrosive 
sublimate, for not more than two to three minutes, then washed in 
water and brought into dilute Mayer’s cochineal (§ 236). This should 
be so dilute as to possess a barely perceptible tinge of colour. They 
should remain in it for from twelve to twenty-four hours, being watched 
carefully the while, and removed from it at the right moment and 
mounted in balsam, or, which is frequently better, in oil of cloves or 
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cedar wood. Auriculana and Bipinnana. As above, but the earlier 
stages of the metamorphosis of Auricularia are better studied by 
fixing with osmic acid, staining with Beale’s carmine, and mounting 
In glycerine. Larvm of Comatula are best fixed with liquid of Lang, and 
stained with dilute borax carmine, as the strong solution produces an 
overstain that cannot easily be reduced. 

Narcotisation by chloral hydrate before fixing is useful, especially 
for the study of Pentacrinus larvie and of the young Synaptm formed 
from Auriculwria. Without this precaution you generally get 
preparations of larvje either shut up {Pentacrinus), or entirely deformed 
by contraction (young Synaptm). 

Gordon (Pkil. Trans. B, 214, 1920, p. 259) uses the following method 
for demonstration of calcareous elements in plutei larvae. After fixation 
bring through alcohol into water and treat overnight or longer in 4 per 
cent, sodium hydroxide ; the maceration should be watched at inter- 
vals under a dissecting microscope, for excess maceration causes the 
plates to become displaced. After maceration, bring the specimens 
into strong glycerine by gradually adding a drop of glycerine every 
half hour. Such preparations are very transparent and show the 
calcareous elements very clearly. 

832. The study of the development in Echinodermata is greatly 
facilitated by the use of polarised light. No staining is used, but 
efficient clearing is essential. Under crossed nicols, the field 
appears dark except for the skeleton (Barhaclough, Quart. 
Journ. Micr. Res., Ixxxii, 1941). Dr. H. B. Fell recommends 
this method, and says the development of the skeleton may be 
followed from isolated spicules to definitive plates. 


COELENTERATA 

833. Actinozoa. An^sthetise in menthol (14), which 
will take twelve hours or more. According to Dedphy (Bull. 
Mus. Hist. Nat. Paris, xi, 1939, p. 479) different species— and 
often different specimens of the same species — vary greatly in 
their reactions ; the technique used for any particular specimen 
must therefore be necessarily empirical. 

John Baker’s Methods for the Micro amatomy of Sea ' Anemones 
(communicated). To anjcsthetise a sea anemone, place it in a finger- 
bowl three-quarters full of sea-water, add a pinch of menthol, place in 
a dark cupboard and leave Ibr about twelve hours (overnight is con- 
venient). At the end of this period it will not be completely antesthe- 
tised, and the addition of a fixative will be likely to cause some con- 
traction, To avoid this, complete the anaesthesia by adding, feirly 
gradually, 50-100 c.e. of 30 per cent, magnesium chloride solution. 
(If the magnesium chloride is used without the previous treatment 
with menthol, the animal will generally contract.) Leave for an hour, 
and then squirt the fixative with a pipette all round the animal, and, if 
possible, into the throat. Then pour away the sea-water and substitute 
the fixative. A convenient fixative is Heideuhain’s “ Susa.” Clearing 
may be done in cedar-wood oil. The following staining method depends 
on the fact that after the use of a fixative (such as ” Susa ”) which 
contains formaldehyde, carmine is inliibited from staining all parts 
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other than the mesoglea. It is therefore easy to show up the mesoglea 
alone in red, and thus display the anatomy advantageously. 

Sections may be thin or thick. Stain in borax carmine until the 
mesoglea is fairly strongly stained, but everything else still scarcely 
tinged. This takes from half an hour to several hours. Wash in a 
stream of distilled water from a wash-bottle. Stain for four minutes 
in Mayer’s acid hsemalum. Blue. (No differentiation is required.) 
Wash in distilled water. Dip for less than ten seconds in f per cent, 
light green in 70 per cent, alcohol. Before the ten seconds have elapsed, 
wash the stain off in a stream of distilled water. Dehydrate at the 
ordinary speed. Mount in balsam. Mesoglea red. Nuclei, bhie. 
Nematoeysts, green. 

For other narcotisation methods see §§ 13-28. 

834. Fixation. In Le Attinie, Fauna u. Flora d. Golfes v. Neapel, 
Andres says that hot corrosive sublimate often gives good 
results. In the case of larger forms the solution should be in- 
jected into the gastric cavity. 

Freezing sometimes gives good results. A vessel containing 
Actiniae is put into a recipient containing an ice and salt freezing 
mixture and surrounded by cotton wool. After freezing, the 
block of ice containing the animals is thawed in alcohol or sorne 
other fixing fluid. 

Maceration. For the Hert wigs’ method {Jen. Zeit., 1879, 
p. 474) see § 535. The tissues should be left to macerate in the 
acetic acid for at least a day, and may then be teased in glycerine. 

List (Zeit. iviss. Mik.^ iv, 1887, p. 211) treats tentacles of Anthea 
cereus and Sagartia parasitica for ten minutes with a mixture of 100 c.c. 
of sea-water with 30 c.c. of Flemming’s strong liquid, then washes 
out for two or three hours in 0*2 per cent, acetic acid and teases in 
dilute glycerine. Picro-carmine may be used for staining. 

835. Nervous System. This group is generally held to be 
refractory to the Golgi impregnation. Ha vet {La Cellule, xviii, 
1901, p. 388), has obtained good results by the rapid method with 
young specimens of Metridium dianthus. Besides nerve cells, 
there are impregnated neuro-muscular cells, gland cells and 
nematoeysts. He leaves for five to eight days in the osmic mix- 
ture, He has also had good results by the intra-vitam methylene 
blue method (this is also good for nematoeysts). So also has 
GnoBMhJ {Arb. Zool Inst. Univ. Wien., xvii, 1909, p. 269), adding 
the dye to the water with the animals till it gives it a steel-blue 
tint. 

836. Zonatharia with Calcareous skeletons are difficult to deal 
with on account of the great contractility of the polyps. Sub- 
limate solution, which ought to be used boiling, sometimes gives 
good results. 

For undecalcified specimens see §§ 557 et seq. 

The Alcyonaria have also extremely contractile polyps. In a 
former edition Lee suggested for their fixation either hot sub- 
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limate solution or glacial acetic* acid. GxVRBINI {Manuale, 
p. 151) drenches, them with ether, and brings into strong alcohol. 

Matthews (Quart, Journ, Micr. Sci,, Ixii, 1916, p. 45) uses 
Bouiii, Sehaudinn or corrosive acetic. 

837. Hydroidea in General. Plankton ; Directly the tow-net 
comes on board, the Plankton must be poured into a glass jar, 
and jelly fish at once picked out by means of a lifter or pipette, 
and placed in another very clean jar of sea-water. Leave in this 
for half an hour to allow organisms to recover from shock. Note 
that the slightest trace of chemicals in the jar will prevent them 
expanding. The secret of successful fixation depends on keeping 
the animals in motion while you pour in the fixative. First stir 
the organisms very slowly and gently, and when all are in motion 
begin to pour the formalin down the side of the vessel. About 
10 c.c. of 10 per cent, formalin should go to 100 c.c. of sea-water, 
but better more than this quantity. Keeping stirring for at least 
two minutes after addition of fixative. Leave for a few hours 
and then transfer to 5 per cent, formalin ; finally store in 10 
per cent. To obtain medusae in a nice state of expansion it is 
necessary to use an anaesthetic (see § 17 et seq,) Cocaine 
hydrochloride is probably the best ; use a 1 or 2 per cent, solu- 
tion. Place the medusae in a small glass vessel with just enough 
sea-water to allow them to swim. After they have expanded add 
a little cocaine (3 c.c. of 1 per cent, solution for every 100 c.c. 
of sea-water). If the medusae at the end of ten to fifteen minutes 
do not contract when touched with a glass rod no more cocaine 
is needed ; if they are still active add more narcotiser and stir ; 
an overdose will cause prolonged contraction. After narcotisation, 
add the formalin and keep stirring, and continue for a minute or 
longer. Do not leave specimens in solutions of cocaine longer 
than is necessary (Allen and Browne in Science of the Sea, 
London, John Murray, 1912). For a further description of 
narcotisation methods see § 17. 

838. Fixation. To fix hydra in an extended condition, select 
from a culture long thin individuals, avoiding those which have 
been recently fed. Place in a dish with a little water (about | 
an inch) and allow to expand. Suddenly pour in hot (60° C.) 
Bouin (about two to three times as much fixative as there is 
water) and the animals will be killed in an expanded condition. 
Remove immediately to cold undiluted Bouin (Hyman, 'Trans. 
Amer, Micr, Soc,, 1924, p. 68). This method can be similarly used 
for most Calyptoblastea. For Gymnoblastea, use cold Bouin. 

For the histology ot Hydra, fix in Cliampy’s fluid, stain in iron 
alum hsematoxylin and counterstain in orange G. This method 
gives superb results. 

For interstitial cells Kanajew (Arch, Entw, Meek, Org., cxxii, 
1980, p. 736) stains in Giemsa eosin and azure. 
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Double imbedding in celloidin — ^paraffin prevents much of the 
cell breakage resulting from purely paraffin imbedding (BeadIaE 
and Booth, Journ. Eccp. Biol, xv, 1938, p. 303). 

For intra-vital staining of the nerve net of Hydra the rongalit- 
white reduced methylene blue gives excellent results. Add 
1-2 c.c. of stain to 30-40 c.c. of water from aquarium ; stain 
for thirty to fifty minutes (McCohnel, ZooL Anz., xciii, 1931, 
p. 279 ; Makshall, Qwari. Journ, Micr, ScL, Ixvii, 1923, p. 593). 

839. Large Medusae. It is generally held that owing to the 
gelatinous nature of medusas, it is essential to preserve them in 
strong alcohol or formalin. According to Ranson {Bull Mus, 
Hist. Nat. Paris, iv, 1932, p. 988), this view is quite erroneous 
and very weak alcohol or formalin is quite sufficient to preserve 
them ; strong fluids often cause marked contraction and dis- 
tortion of the tentacles and other delicate organs. For preserving 
specimens for systematic study or for museum exhibits he recom- 
mends the following method : — 

Place specimens in a vessel with just sufficient water to allow them 
to move freely, and leave (without changing the water) for two to three 
days, after which the animals will die naturally in an extended condi- 
tion. Add a few c.c. of alcohol drop by drop. After several hours, 
place in very weak (about 5 per cent.) alcohol to which a few c.c. of 
glycerine have been added. Neutral formol can be used instead of 
alcohol. 

Lo Bianco anaesthetises in 3 per cent, alcohol in sea-water, 
and fixes in his fluid (see §47) and stores in 70 per cent, 
alcohol, 

840. Ctenophora. Fimtion. Never store in formalin, always in 
70 per cent, alcohol. Pleurobrachia are best killed in 5 per cent, 
formalin in sea-water. Fill a large measuring jar with this fluid 
and drop in the animals and leave till they sink to the bottom ; 
transfer to 5 per cent, formalin in pure water. After a week or so 
(not longer) transfer to very dilute alcohol and upgrade to 70 per 
cent, alcohol. Beroe — ^bring into a small quantity of sea- water, and 
when expanded add a large quantity of corrosive sublimate, up- 
grade to 70 per cent, alcohol. Bolina — ^this form dissolves at once 
in formalin. Kill in Flemming, selecting small specimens ; leave 
for an hour, wash slightly and upgrade to 70 per cent, alcohol 
(Allen and Beowne in Science of the Sea. John Murray. London. 
1912). Small forms are very easily prepared by means of osmic 
acid. For large forms see Lo Bianco, loc. cit, p. 457. He uses his 
copper sulphate mixture. 

841. Plankton, Preservation of, without Sorting. See § 837. Note 
that a bottle should not be more than half full of Plankton. After a 
few days or on the appearance of opalescence of the fluid, change the 
liquid. Another method is first to kdll the Plankton by pouring some 
saturated solution of picric acid into the Jar containing the organisms, 
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tlien add some 5 to 10 per cent, formalin and leave for an hour or so, 
occasionally stirring. Finally decant and add 5 to 10 per cent, formalin 
as before described ; the yellow colour of the fluid can be neglected. 
Nemr use corrosive sublimate with formalin, as crystals form, which 
adhere to the organisms. 


PORIFERA 

842. Fixation. The smaller forms can be fairly well fixed by the 
usual reagents, those containing osniic acid giving exceptionally 
good fixation. Most modern histological and cytological work 
has been carried out with Champy, Flemming without acetic or 
Mann-Kopsch (Gatenby, Journ, Linn, Soc, ZooL, xxxiv, 1919, 
p. 261 ; Quart, Journ, Micr, Sci,, Ixxi, 1927, p. 173 ; Tuzet, 
Arch. ZooL Exp, Gen,, Ixxiv, 1938, p. 167 ; Duboscq and Tuzet, 
ibid,, ixxix, 1938, p. 158). 

Maceration sets in rapidly in many watery fluids, and care 
should therefore be taken to get the sponges into strong alcohol 
as soon as possible after fixation. 

Beien and Mee^vis {Arch. Biol., xlix, 1938, p. 179) and Meewis 
{ibid., 1, 1989, p. 7) use Bouin, Bouin-Allen, Zenker or corrosive 
acetic in addition to Champy, for Spongillidce or Myxospongidm, 

Sectioning : Calcareous sponges may be decalcified in alcohol 
acidified with hydrochloric or nitric acid. For delicate specimens 
CO 2 may be passed into the water (under pressure if necessary) 
containing the organisms (Lindahl, Bull. Hist, AppL, xii, 1985, 
p. 216). Siliceous sponges may be decalcified by the method given 
in 581, Double imbedding in celloidin is not necessary but often 
advantageous. 

Staining : Heidenhain’s iron alum haematoxylin is excellent 
for Champy or Zenker fixed material. For Bouin or Bouin- Allen 
material, Panney {Journ. Exp. ZooL, Ixv, 1933, p. 479) and 
Wilson {Journ. Morph., Iviii, 1935, p. 289) recommend Delafield’s 
haematoxylin or hsemalum counterstained in acid fuchsin or 
methylene blue. Intra-vital staining is often useful ; BbDnsted 
{Acta. ZooL, xvii, 1936, p. 75) uses neutral red (1 : 10,000), Janus 
green (1 : 30,000) or methylene blue (1 : 10,000). 

843. Preparation of Hard Parts, Siliceous spicules may easily be 
obtained by heating small pieces of sponges in concentrated nitric or 
hydrochloric acid in a test-tube. Allow the spicules to settle, and wasii 
several times with water (a hand centrifuge is an advantage). These 
acids may attack some delicate spicules and hot potash solution is 
frequently preferred though it may not give such clean preparations. 
For fresh-water sponges, Aendt {Sitz, Gess, Natur. Freun,, Berlin, 
1938, p. 94) macerates in 1 per cent, potassium ortho-hydroxyi-quinoline 
sulphate and finds the soft tissue separate without injuring the sponge in 
fibres or the spicules. Ten minutes suffices for small pieces ; an hour 
for large pieces. This method can only be used on fresh sponges and 
will not work with preserved forms. 
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844. Embryos and Larvae. Brien and Meewis {loc, dL) allow 
larvse of SpongilUdw to attach themselves to a small piece of 
agar or cellophane paper — the larvse can then be fixed , and sec- 
tioned without removing them from the support. They u,se 
lijematoxylin and eosin for Bouin or Bouin- Allen material, 
Feulgen’s method for Zenker material, and Mallory’s triple stain 
for material fixed in Champy or corrosive-acetic. They also use 
whole mounts stained in hsemalum and eosin. See also Gatenby, 
Duboscq and Tuzet {loc, cit) who use the usual cytological 
methods for Golgi apparatus and mitochondria. 

Spek {Protoplasma, xxx, 1938, p. 352) stains the blastulae of Sycandra 
and Leucandra intra vitally with traces of brilliant vital red, Nile blue 
sulphate, or billiant cresyl violet in sea-water. The latter especially 
he finds gives striking colour differences with the different cells of the 
blastulse. 

MINOR PHYLA 

845. Rotifera. Rousselet’s mixture (§ 13) is excellent 
for narcotisation. Add a few drops at intervals to the organisms 
in a watch glass. As soon as the cilia have ceased to beat, or are 
seen to be on the point of ceasing to beat, they are fixed by 
adding a drop of Flemming or J per cent, osmium tetroxide. 
After half a minute or less, the animals are taken out with a 
pipette, and thoroughly washed by passing them through two 
or three watch-glasses of distilled water. They are finally mounted 
in a mixture of formol 2|- parts, distilled water STj parts. 

For quieting them for study in the living state in a relaxed condition 
Peters {Zool. Anz,, Ixxxvii, 1930, p. 18) uses acetic acid vapour. 
Pipette a rotifer with a drop of water on to a slide. Watch under the 
microscope and pass the end of a pipette holding some acetic acid over 
the water drop containing the organism — ^the animal will be narcotised 
within a few minutes in a relaxed condition. Another method is to 
place a drop of acetic acid near the water drop. The narcotisation 
lasts only for five to fifteen minutes. This method works well with 
most rotifters (also some Protozoa) with the exception of Testudinella 
and Notommata. 

846. Glycerine mounts may be made by the method of Myers 
{Joiirn, Qaekett Mie, Club, 38, i, 1936, p. 201). Narcotise, kill 
and fix as above ; harden in 2 per cent, formol. Transfer to 
10 per cent, glycerine in water and set aside for several days 
until the water has evaporated. If no collapse is apparent, add 
50 per cent, glycerine and mix well until rotifers have regained 
their turgescence. Add an equal quantity of dioxan and mix 
well. Set aside until water and dioxan have evaporated leaving 
rotifiers in pure glycerine. If the organisms still show signs of 
collapse, repeat the treatment with 50 per cent, glycerine and 
dioxan. 
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Rotifiers may be stained %vith the usual stains for whole mount 
preparations. Schneider {Trans. Amer. 21icT. Soc., ivi, 1937, 
p. 256) stains for two to four minutes in 1 per cent, aqueous 
solution of acid fuchsin ; transfers to 10 per cent, phospho- 
molybdic acid for one minute ; rinses quickly in water and 
coimterstains in half-saturated solution of thionin for two to four 
minutes ; dehydrates and mounts in balsam as usual. 

For other methods see also Martini {Int. Rev. Ges. HydrobioL, xii, 
1925 , p. 37 ) ; Hurrell {Journ. Roy. Micr. Soc., xlvii, 1927 , p, 135 ), 
See also previous edition. 

847. Gastrotricha. Fixatives must be made up in sea-water ; 
chromic acid, Flemming, Perenyi are all good for general histology. 
Use 10 per cent, formol for fixation for whole mount preparations. 
To kill with anterior end stretched out, compress between plates. 
For whole mounts, specimens may be relaxed successfully with 
distilled water. The usual embedding and staining methods 
suffice (Remaine in Bronx’s Klassen und Ordungen des Tier- 
Reiches, IV, ii, I, 2, 1036). 

848. Phoronidea. Phoronis may be relaxed in 10 per cent, 
alcohol, ether-water, cocaine, magnesium chloride or tobacco 
smoke. The entire animal can be sucked out of its tube by means 
of a fine capillary tube (Cori in Bronx’s Klassen imd Ordungen 
des Tier-Reiches IV, 1, 1937). 
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849. Methods of Examination. Three types of staining methods 
are used in the examination of the blood and hsemopoietic tissues. 
The fresh unfixed blood may be stained with a supravital dye and 
examined in the wet state ; smears or ‘‘ touch preparations ” 
may be made, fixed and stained or the tissues may be imbedded 
and sectioned. Kirschbaum and Downey {Anat. Rec,, Ixviii, 
1937, p. 227) have compared the relative merits of imbedded 
sectioned material with imprints of the cut surfaces in the examina- 
tion of haemopoietic tissues and find that cellular orientation is 
best defined by sections, but they recommend the imprint method 
for cellular morphology and ease of preparation. Blood or bone 
marrow may also be examined by dark ground illumination 
(Whitby and Hynes, Journ, Path. Bad., xlvi, 1938, p. 517) when 
both primitive and mature leucocytes show features sufficiently 
characteristic to be identified. Jones {Blood, hi, 1948, p. 967) and 
Bessts {Revue d'Hdmatologie, iv, 1949, p. 294) have used phase 
microscopy to analyse the structures in unstained and supravitally 
stained blood and marrow which are not usually seen in 
Romananowsky stained films. (See § 861.) Rebuck {A7n. J. 
cUn. Path., xix, 1949, p. 217) has studied peripheral blood cells 
with the electron microscope. Rheingold and Wislocki {Blood, 
iii, 1948, p. 641) have reviewed histochemical methods for lipids, 
nucleoproteins, phosphatases and glycogen, applied to imprint 
preparations of bone marrow and smears of normal blood. 

850. Supravital Stains. The living cells in unfixed blood may 
be stained by some supravital dye contained in a diluting fluid or 
by allowing a drop of an alcoholic solution of one of these dyes to 
dry on the surface of a slide, on which the liquid blood is then 
placed. Many basic dyes were used by early observers ; Cesaris- 
Demeb ( Virchow's Arch., cxcv, 1909, p. 1) used a mixture of brilliant 
cresyl blue and Sudan III and Horseley {Mmich. Med. Woch., 
xliv, 1897, p. 625) methylene blue. Arnold {Virchow's Arch., 
clvii, 1899, p. 424 ; and clix, 1900, p. 101) made a careful study 
of the granules of lencocytes and the changes in the cells after 
varying periods of exposure to neutral red and methylene blue. 

Other dyes which stain supravitally are Janus Green, neutral 
red, napthol blue, pyronin, and cyanamine. The former two have 
been found especially useful, the neutral red staining the cyto- 
plasmic vacuoles (grains de segregation) and Janus Green in a 
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dilution of 1 : 20,000 to 1 : 50,000 staining specifically the inito- 
c'lioncti ill. Ihe neutral red Janus Green combination has been 
exlensively used for the identification of leucocytes and was 
first developed by Simpson (Journ. Med. Res., xliii, 1922, p. 77 ) 
as a method for distinguishing between monocytes and lympho- 
cytes in rabbit blood. The technique has been modified by Sabin 
and her colleagues and other workers, and reviews of the theory 
and practice of vital staining in the diagnosis and classification 
of the blood elements by this technique have been given by 
Gall (Journ. Lab. and Clin. Med., xx, 1935, p. 1276) and Cun- 
ningham and Tompkins (“ Downey’s Handbook of Hiematology,” 
1938, Vol. I, Sections IX and X). The optimum proportions of 
the two dyes vary greatly and depend on the number of cells in 
the preparation. Janus green is toxic and only enough should 
be present adequately to stain the mitochondria without impairing 
the motility of the cells. Neutral red is relatively less toxic and 
the iodide salt even better tolerated. 

The dyes are dissolved in neutral absolute ethyl alcohol and 
the two solutions are freshly^ mixed before preparing the slides. 
Films of the solution are spread on scrupulously clean slides and 
allowed to dry. Even deposition of the stain is necessary. The 
sljdes may be stored indefinitely. For staining a drop of blood is 
placed on a cover slip and carefully dropped on the dye charged 
surface of the slide, ringed with paraffin and kept at a temperature 
of 37“ C., light being excluded except for periods of observation. 


Sabin (Bu/h Johns Hopk. Hasp., xxxiv, 1923, p. 277) prepared satu- 
rated solutions of Janus Green and neutral red and diluted these 
solutions lor use m the proportion of 0-4 c.c. neutral red and 15 drops 
ol Janus Green to 10 c.e. absolute ethyl alcohol. 

LiGimvooD, Haw^ley and Bailey (Proc. Roy. Soe. Med., xxviii, 
1935, p. 40o) used 0-25 per cent, solution Gurr’s wtal red chloride 
and 0 4 per cent, .solution of Gurr’s vital Janus Green B. For u.se 
1-75 c.c of neutral red and 0-07 c.c. of Janus Green were added to 
10 e.c. of absolute alcohol. 

Whitby and Hynes (Joum. Path, and BacL, xliii, 1986, p. 91) varied 
the proportion of Janus Green to neutral red from 1 :34 for normal 
blood to 1 : 9 for blood containing many primitive myeloid cells from 
stock solutions of 0-25 per cent, neutral red chloride (Gurr) and 0*4 ner 
cent. Janus Green (Gurr), ^ 

Hetheiungton {Siam Tech,, xl, 1936, p. 153) claimed that pinacyanol 
was^.superior to Janus Green as a stain for mitochondria used in 0*01 per 
cent, on a film. The mitochondria undergo no change in two to four 
days though the nuclei are also stained mauve. ^ 

Hjakre and Berthelsen (Nature, cxl, 1937, p. 155) have used 
neutral red m citrate for the differentiation of small monocytes from 
large lymphocytes m horse blood. The neutral red is mixed with blood 
at body temperature m the ratio of 1 : 15,000 and kept at 37° C. for 
forty minutes. Smears are made, dried in air for twenty-four hours, 
fixed in saturated pmnc acid solution and stained with Mayer’s htemalin. 

I the advantage of being a permanent preparation 

and having nuclear staining for differentiation. ^ ^ 
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851. Reticulocytes. In these young red blood cells a reticulum 
or skein-like structure is brought into evidence by a supravital 
stain. The reticulum is not seen in unstained or in dry or fixed 
blood preparations, and is a condensations product of the d^^e with 
ribonucleoprotein (Jones, Anat Bee,, xcvii, 1947, p. 347). The 
greater the concentration of the dye the thicker and more obvious 
is the reticulum. Although many supravital dyes have been 
used (neutral red, azure, nile blue, methylene blue, Janus Green) 
brilliant cresyl blue gives most distinctive staining. In the 
‘‘ dry slide ” method a film is made on a slide with an alcoholic 
solution of brilliant cresyl blue (0-3 per cent, is sufficient) and 
allowed to dry. A small drop of fresh blood is placed in the centre 
of a cover slip and which is then placed on the prepared surface of 
the slide. The dye penetrates rapidly and after a few minutes the 
reticulocytes may be seen and counted against the normal red 
cells. Davidson {Edin. Med, Journ., xxxvii, 1930, p. 425) 
recommends spreading a film of blood on the charged surface of 
the slide and then placing a clean cover slip on the most suitable 
part of the film ; by this means clumping and rouleaux formation 
which occurs in the ordinary method is lessened. 

The brilliant cresyl blue can also be used in aqueous solution. 
Beookfield [Journ. Path, and Bact., xxxi, 1928, p. 277) used 
a freshly prepared solution containing 0*3 per cent, brilliant 
cresyl blue in 2 per cent, sodium citrate and 0*29 per cent, sodium 
chloride. One drop of blood is added to 3 c.c. of the solution and 
a small drop of the suspension is placed on a cover slip inverted 
over a hollow ground slide and ringed with vaseline. Wintrobe 
[Clinical Hcematology, 1946, p. 62) recommends mixing two 
volumes of a saline solution of cresyl blue (1 grm. brilliant cresyl 
blue in 100 c.c. 0*85 per cent, saline to which 0*4 grm. sodium 
citrate has been added) with 1 volume of blood on a cover slip 
and inverting this on a. glass slide. 

Permanent preparations can be made from the dry slide pre - 
parations. Pryce {Journ, Path, and Bact, xlix, 1939, p. 594) 
made smears on slides charged with cresyl blue and immediately 
covered it with another slide which had a slip of gammed paper 
attached at either end preventing actual contact of the slides, 
and after five minutes pulled the slides apart, dried in air and 
counterstained with Leishman. Pugsley (Canad. Journ, Med, 
Tech., iii, 1940, p. 16) uses an aqueous stain of 1 grm. brilliant 
cresyl blue in 100 c.c. of 0*2 per cent, potassium oxalate. One 
drop of stain and 1 drop of blood are mixed in a small wax block. 
After one minute smears are made. Reticulocytes may be counted 
without further staining or the films may be counterstained with 
any of the Romano wsky dyes. In counterstaining with Wright’s 
stain the supravital dye is replaced by methylene blue (ISTittis, 
Amer, Journ. med. Set., exevi, 1938, p. 177). 
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When smears of blood are fixed and stained with Romanowsky 
dyes the young red cells stain diffusely with the blue dye (poly- 
chromasia) or show basophilic stippling. These are partially 
interchangeable ; by staining at pH 8*6 the cells stain diffusely 
but at pH 5-9 show basophilia, exposure to osmic acid before 
staining causes precipitation as granules as also do low tempera- 
tures and humidity. Stippling in red blood cells is best shown 
by methylene blue staining. Aub, Fairhall, Minot, Reznihoff 
{Medicine, iv, 1925, p. 1) stain in the following mixture : methy- 
lene blue, 1 grm. ; potassium carbonate, 1 grm. ; distilled water, 
100 C.C., diluted 1 in 15 parts before use. Staining is carried out 
for fifteen minutes, after wdiich the film is washed until bluish- 
green. 

852. Films of Blood. Films of blood are made on slides or cover- 
glasses. To make a slide preparation place a small drop of blood 
at one end of a perfectly clean slide. Bring down on the slide 
the edge of another slide (or spreader made somewhat narrower 
than the slide on which the film is to be made) held over it at an 
angle of 45 degrees ; draw this back until it touches the edge of 
the top and the blood runs along the angle between the two 
slides. Then move the second slide away from the di'op, pressing 
lightly on the first slide and the drop will follow it, and be drawn 
out into a film. Well made films should show the red cells almost 
touching with no. overlapping, but there is a tendency for the 
white cells to lie along the edges. Cover-glass preparations 
are made by placing a very small drop of blood on a square No. 1 
cover-slip and dropping another cover-slip on cornerwise. The 
blood spreads rapidly between the cover-slips by capillary action. 
After a few seconds the slips are carefully pulled apart with a 
sliding movement. These preparations show a much more even 
distribution of the leucocytes. Kato (Journ. Lab, Clin. Med., 
xviii, 1933, p. 527) claimed that by placing an oblong cover-slip 
on a drop of blood and drawing it over a slide there is even dis- 
tribution of white cells on the slide, which obviates the difficulties 
of handling cover-slip preparations. 

853. Botte Marrow. Bone marrow obtained by aspiration 
biopsy can be spread on slides as blood films or small pieces of 
bone marrow may be teased in serum on a slide. The marrow 
sample may be mixed with heparin and centrifuged. The plasma 
is discarded except for a volume equal to the huffy coat. These 
are taken off the red cell mass together, mixed and smears made 
in the usual manner. 

Pkice Jones {Journ. Path, and Bact., xiv, 1910, p. 218) used a 
dissociating agent consisting of glycerine diluted with ammonia 
free distilled water to form a 10 per cent, neutral solution, in the 
analysis of marro’w of chicken embryos. Small marrow fragments 
are placed with this solution in a watch glass when cellular ele- 
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ments of the tissue are dissociated. A loopful is then placed on a 
cover-slip with a further loopful of the dissociating agent and 
spread. The film is then dried in air. 

Davidson et al, {Edin, Med. Journ,, 1, 1943, p. 226) concentrate 
the aspirated marrow by expelling it into a watch glass ; after 
a few seconds the fluid is decanted into a second watch glass and 
the visible flecks of marrow adherent to the first glass are picked up 
with a pair of fine forceps, squashed lightly and spread on slides. 
Dry imprints can be made by touching the marrow fragments 
lightly in several places on a cover-glass or slide. 

854. Bone Marrow for Section. The fragments of bone marrow 
obtained by puncture with a Salah needle may be allowed to 
coagulate, and can then be fixed and imbedded. Duffett (Bull. 
Inst. 31ed. Lab. Tech., xi, 1945, p. 103) expresses the marrow 
fragments from the syringe on to a piece of filter paper, allows 
to clot and drops the filter paper on the surface of formol saline. 
Capfell {Brit. Med. Journ., i, 1947, p. 403) places the marrow in 
half strength Zenker formol for thirty minutes and washes the 
fragments in distilled water, then passes rapidly through the 
series of graded alcohols by siphoning off the supernatant and 
embeds in a brass crucible with a detachable apex facilitating 
removal of the block. The marrow fragments sediment and are 
concentrated just under the surface of the paraffin. In small 
experimental animals pencils of femoral marrow can be obtained 
by partial decortication by the use of a special mechanical pro- 
cedure before fixation (Mayer and Bvzicka, Anat. Rec., xciii, 
1945, p. 213). 

855. Decalcification. Material obtained by sternal trephine 
and post-mortem tissues can be decalcified by the method recom- 
mended by Custer {Journ. Lab. and Clin. Med., xvli, 1932, 
p. 951) with equal parts of an 85 per cent, aqueous solution of 
formic acid and 20 per cent, aqueous solution of sodium citrate. 
Twelve to twenty-four hours is usually sufficient to decalcify 
cancellous bone and the tissue is then washed for four hours in 
running water. Decalcification with 5 per cent, potassium 
bichromate gives good results but the process often requires 
several weeks. 

856. Fixation. In wet methods either blood is mixed at once 
on being drawn with some fixing and preserving medium, and 
studied as a fluid mount, or films are prepared and put into a 
fixing liquid before they have dried. These methods are rarely 
used, and the air-dried films are usually fixed before staining. 
The fixative most recommended for blood and marrow films is 
absolute methyl alcohofi which is a very rapid fixative, one to two 
minutes being ample. In stains such as Jenner, Leishman and 
Wright fixation is accomplished by the methyl alcohol of the 
undiluted stain. With Giemsa and Kingsley’s stain and other 
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stains dissolved in glycerol, preliminary fixation is necessary. 
Otlier fixatives are ethyl alcohol, formol, sublimate and osm'ic 
acid and formalin vapour. The School of Ehrlich used to fix by 
heat by passing the air dried film through a flame or placino- it 
on a hot plate at 110°-150° C. (Gulland, Scottish Med. Journ., 
April, 1899, p. S12). At the present day heat fixation is only 
occasionally used ; it is necessary before staining with the Ehrlich 
Biondi mixture (§ 816) or before staining with aqueous stains 
which might otherwise wash off. Formol alcohol (9 parts of 
absolute alcohol and 1 part of formalin) is used in peroxidase 
staining {§ 876). For blood of invertebrates, Steil {Stain Tech 
xi, 1986, p. 99) recommends the exposure of wet films to the fumes 
of 2 per cent, osmie acid and Liebman {Stain Tech., xx, 1945, 
p. 88) exposes the blood smears to formalin vapour for five to ten 
mi, mites. 

857. Fixation of Blood and Marrow in Bulk. Most of the fixing 
agents are applicable to blood and marrow, though those con- 
taining acetic acid destroy the red cells. Zenker’s fluid without 
acetic acid, and Zenker-Formol and Maximow’s Zenker formol 
(§79) are all widely used. 


CusTEK (Amer. Journ. med. Set., clxxxv, 1933, p. 617) recommends 
Zenker-formol composed of 9 parts of freshly prepared Zenker solution 
(without acetic acid) to which 1 part of neutral formol is added within 
one half hour after the tissue has been placed in the Zenker solution. 
J^or megakaryocytes and platelets in sections Kingsley (Folia Hmm 
Ivii, 1937, p. 87) recommends fixation in Downey’s fluid 4 parts, and 
saturated aqueous solution of picric acid 1 part. The pieces of tissue 
should be small, as the fixative does not penetrate well and is not 
applicable to tissue in bone. Fixation is carried out for twelve to 
twenty -four hours and the tissue then washed for twelve to twentv-four 
hours m running tap water. Formalin though a very useful fixative tends 
to mordant the blue m the Romanowsky stains (§ 861) and sometimes 
produces m the tissues a fine brown-black crystalline precipitate 
haemoglobin. Osmic acid is a very good fixing agent for 
has poor penetration and is a component of 
Bensleys, Flemmings (§ 50) and Mann’s fixatives, which are now 


858. Staining of Fixed Films. Fixed films may be treated with 
the usual tissue stains ; Ehrlich’s acid hamatoxylin with 0-5 grm 
of eosin dissolved in it has been used or hmmalum followed by 
eosm (0-5 per cent, in alcohol or water). Goedon {Journ. Lab. 
and Clin. Med., xxii, 1936, p. 294) has described a silver impregna- 
tion method for blood and marrow films which sharply defines 
the cell pattern and the nuclear and cytoplasmic granules 
Most blood stains involve the use of a compound dye, Ehrlich’s 
triacid (§ 817) being the first of this type, selectively staining both 
red cells and leucocytes. The main group of compound dyes are 
however formed from a mixture of methylene blue and its deriva- 
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tives with eosin. The simple mixture of these stains forms a 
precipitate which is soluble in excess of either the acidic or basic - 
dve. Chenzinsky’s (§ 335) mixture is of this type and modifica- 
tions which avoid precipitation during staining are given by 
WiLLEBRAND {DtscJi. med. T'F^c/^r., 1901, p. 57) and Michaelis 
(am, 1899, p. 490). 

859. Jenner {Lancet, 1899, p. 370), and May and Grunwald 
{Centralhl. f. Inn. Med.,xxm, 1902, p. 265) independently showed 
that the precipitate of methylene blue and eosin when dissolved 
in methyl alcohol could be used for fixing and staining blood 
films. Though rarely used alone they are widely used in com- 
bination with Giemsa in the panoptic stains. 

In Jenner ’s method equal parts of 1*2 to 1*25 per cent, water 
soluble eosin (Griibler) and 1 per cent, methylene blue are mixed, 
filtered after twenty -four hours and the precipitate washed and 
dried ; 0*5 g. of the powder is dissolved in 100 e.c. of absolute 
methyl alcohol (the solution can be obtained commercially) ; 
or simply mix solutions in methyl alcohol of the two dyes in the 
proportion of 125 c.c. of 0-5 per cent, solution of eosin with 100 c.c. 
of 0*5 per cent, solution of methylene blue. Films or cover-glasses 
are floated on to this or smears are immersed and stained for 
four minutes. Another method is to fix the film in undiluted 
Jenner stain for one minute after which it is stained for one to 
three minutes in stain to which 2 volumes of distilled water 
have been added. Wash off the stain with distilled water until a 
faint pink colour appears ; dry and examine. Erythrocytes are 
red, all nuclei blue, parasites blue but with unstained nuclei. 
The May-Griinwald stain is prepared in an almost similar manner 
and is used in the same way. 

Assman {Munch, med. Wschr., 1906, p. 1350) treated fresh films 
one-half to three minutes with a few drops of Jenner ’s solution, 
then poured on 20 c.c. of distilled water containing 5 drops of 
0*1 per cent, solution of lithium carbonate and after five minutes 
rinsed the films in distilled water, dried and mounted them in 
neutral balsam. 

860. Jenner’s Stain for Sections. Turnbull {Journ. Path, and 
Baet.^ xxxiv, 1931, p. 277) has used this stain for sections after 
formol fixation. The material is fixed for as short a time as is. 
compatible with complete fixation in 4 per cent, neutral saline 
formaldehyde, or buffered to pH 7 or pH 5. Sections are rinsed 
in distilled water and stained with 1 part of a stock solution of 
Jenner with one part of distilled water for forty-five miziutes. 
They are then differentiated with absolute ethyl alcohol, cleared 
in xylol and mounted in neutral mounting medium. The stock 
solution is made as follows : pour 100 c.c. of analytical methyl 
alcohol upon 0*3 grm. of Gurr’s Jenner crystals, leave without 
shaking and decant after three hours. The stain should be 
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stored in a glass stoppered bottle. Distilled water should be 
boiled and cooled before use. 

861. The Romanowsky Stains are eosinates of various azure 
derivatives of methylene blue, Romanowsky {St^ Petersburger 
Med, Wochenschr,, xvi, 1891, pp. 297, 307) showed that the 
solutions of methylene blue on which a scum had formed gave a 
partial reversal of the usual staining with methylene blue eosinate, 
the nuclei of leucocytes and parasites staining a reddish purple. 
The presence of a new dye only vaguely indicated by Romanowsky, 
has undergoiie in the hands of Leishman, Wright, and Nocht, among 
others, numerous modifications which have culminated in tech- 
niques devised by Giemsa, McNeal and Kingsley in stains of 
known chemical composition and scientific staining. The poly- 
chroming of the methylene blue gives a mixture of methylene 
azures and methylene violet and was obtained by heating with 
weak alkali (Leishman and Wright) or precipitated silver oxide 
(Balch) and gave a quite empirical product. The chemical 
constituents of the poiychroming process have now been identified 
and their relative importance in staining determined. The 
history of the evolution of the Romanowsky stains has been 
reviewed by Conn {Biological Stains, 1940) and the chemistry of 
the polychrome products of methylene blue by Kingsley {Journ, 
Lab. and Clin- Med,, xxii, 1937, pp. 736, 1264). To obtain consistent 
results by the use of these polychi'ome dyes which are now 
generally obtained commercially, Lillie {Stain- Tech., xviii, 
1943, p. 1) has shown that close control of numerous factors 
during the poiychroming process is necessary and that spectro- 
scopic analysis is desirable. He has also shown {Journ. Lab. 
and Clin. Med., xxix, 1944, p. 1181) that poiychroming with acid 
chromate is more easily controlled and yields a more constant 
product. 

862. Leishman^s Stain {Brit. Med. Journ., 1901, i., p. 635 ; ii., 
p. 757). The poiychroming of the methylene blue for this stain is 
obtained by heating a 1 per cent, solution of methylene blue with 
0*5 per cent, sodium carbonate to 65° C. for twelve hours, after 
which the solution is left for ten days. To it is then added an equal 
volume of 0*1 per cent, solution of Griibler’s extra eosin B and the 
mixture is stood for six to twelve hours, the resulting precipitate 
is collected and filtered, washed until the washings are colourless, 
dried and powdered. The stain is now usually bought ready 
prepared. The stock solution of the stain is made by dissolving 
0*15 grm. of the powdered stain in 100 c.c. of pure methyl alcohol. 
Solution has to be effected by grinding the powder in a mortar 
with successive small quantities of alcohol until it is all dissolved. 
The stain is improved by keeping for two to three weeks before 
use. To stain, flood the air dried film with 1 volume of the stock 
stain for one minute and then add a double volume of distilled 
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water to the alcoholic stain on the film, rocking the film to ensure 
even mixing and leave for five to eight minutes. A greenish 
metallic scum forms on the surface. Each batch of stain may 
vary with regard to optimum time of staining. For consistent 
results it is better to use a phosphate buffer at _pH 6-8 for the 
dilution. The slide is washed with distilled water until the desired 
pink colour is obtained, and then drained and dried in air. It 
may be mounted in neutral Canada Balsam but is better preserved 
with a film of immersion oil or painted with lacquer (Rathmell 
and Jones, Jowm. Lab. and Clin. Med., xx, 1935, p. 954) and 
stored in the dark. The nuclei of leucocytes are stained purplish, 
cytoplasm bluish with red -blue azurophil granules and very 
faintly pink neutrophil granules. Parasites are well differentiated 
with blue cytoplasm and ruby red chromatin. 

863. Wright’s {Journ. med. Res., vii, 1902, p. 138) is an 
essentially similar stain which is largely employed by American 
workers. Methylene blue 0-9 grm. is dissolved in 100 c.c. of 
0*5 per cent, aqueous solution of sodium bicarbonate and heated 
in a steam steriliser for one hour. Add 500 c.c. of 0-2 per cent, 
solution of eosin Y in water and wash and dry the precipitate as 
above. Wright’s original formula specified 1 grm. methylene 
blue to 0*5 grm. eosin Y. This stain either dry or dissolved in 
methyl alcohol (OT grm. of dry stain to 60 c.c. methyl alcohol) 
may be purchased from stain companies and has been certified 
by the U.S. Stain Comrnission. Lillie and Roe {Stain Tech., 
xvii, 1942, p. 57) have shown that preparations showing absorption 
maxima between 620 and 660 m/x give satisfactory blood staining. 

To use the stain, cover the air dried smear with a measured 
amount of the alcoholic stain and after one minute add the same 
volume of distilled water. Leave three to four minutes and wash 
in tap water, Haden {Journ. Lab. and Clin. Med., ix, 1923, p. 64) 
recommended that the stain be diluted with phosphate buffer . 
The McJunkin-Haden buffer pH 6*4 is now almost universally 
used. 

864. Giemsa {Zentralbl. f. Bakt., n.’xxvii, 1904, p. 308) was the 

first to attempt to standardise the reagents in the polychrome 
dyes by employing azure dyes instead of poly chromed methylene 
blue. His Azure I component marketed by Griibler and Hollborn 
was of secret formula and reproduction of the stain in other 
countries has not always given consistent results. The stain is 
made by dissolving 3 grm. of Azure II eosin and 0 *8 grm. Azure II 
(Azure II is a mixture of equal parts of methylene blue and Azure I) 
in 100 c.c. glycerol at C. After one and a half to two hours 

312 c.c. neutral acetone free alcohol is added. The stain is widely 
used in America and has been certified by the U.S. Stain Com- 
mission. Lillie (PuUic Health Reports, lyiii, 1943, p. 441)) has 
described a Giemsa stain of constant composition and performance 
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and gives details for its manufacture in the laboratory from eosin 
and methylene blue. The stain is usually obtained commercially 
in solution and for staining is diluted with 10 parts of distilled 
water or McJiinkin-Haden buffer pH 6*4. The performance o f the 
d/ye is very sensitive to changes i/n pH and all reagents must he str ictly 
free from acid. To stain, air dried films are fixed in methyl alcohol 
and dried, then immersed in the dilute stain and left for fifteen 
to forty minutes (the optimum time of staining should be deter- 
mined), washed in distilled water, blotted and dried in air. They 
are preferably preserved unmounted. Usually the azurophil 
granules are stained more distinctly and the neutrophil granules 
less distinctly than with Wright’s or Leishman’s stain and 
there is greater differentiation of protozoa. The combination of 
this stain with Jennet and May-Griinwald are important modifica- 
tions (see panoptic stains). 

Wet films (Giemsa, Deuisch. Med. Wschr., 1909, p. 1751) are 
treated as follows : Fix for twelve to twenty-four hours in a mix- 
ture of 2 parts satui'ated aqueous solution of sublimate with 
1 part of methyl alcohol. Wash and treat for five to ten minutes 
with a mixture of 2 parts of potassium iodide, 3 of LugoFs solution 
and 100 of wrnter. Wash and treat for ten minutes with 0*5 
per cent, solution of sodium thiosulphate. Wash and stain as 
above (changing the stain for fresh after half an hour) and leave for 
one to twelve hours. Then pass through mixtures of acetone 
with first 5, then 30, then 50 parts per cent, xylol, into pure 
xylol and mount in cedar oil, or (ibid.^ 1910, p. 550) a slide is 
covered with a mixture of equal parts methyl alcohol and 
the stock mixture. After half a minute this is poured off' and, 
distilled water added to cover the slide, with rocking to ensure 
even mixing. After three to five minutes wash in running water 
and dry. 

865. Giemsa ’s Method for Sections. Next to luematoxylin and 
eosin, Giemsa’s stain is perhaps one of the most useful stains ; 
not only is it good for blood and blood forming organs, but also 
for the nervous system, in which it gives the best and most 
constant coloration of the Nissl bodies. It colours also Rickettsia 
bodies (Cowdry, Journ. Med., xiii, 1925, p. 231) bacteria, 
and various pathological inclusions. Much depends on the choice 
of fixative; formalin as generally used in 10 per cent, solution 
acts as a mordant for the blue component and Zenker’s fluid is 
recommended by Wolbach. Very good results are obtained 
using Maximow’s Zenker formol (§ 79), six hours’ fixation being 
ample. 

The method given above for wet films ean be used, or the 
following methods modified from Wolbach (Journ. med. Res., 
xli, 1919, p. 76) is recommended. Tissues are fixed in any of 
the usual mercuric chloride fixatives. Sections are passed down 
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to water and are treated with Lugol’s solution to remove the 
sublimate, washed in 95 per cent, alcohol and the last traces of 
iodine removed by 0-5 per cent, aqueous sodium hyposulphite 
for ten to fifteen minutes. They are then washed for five minutes 
in running water and rinsed in distilled water. Stain twelve to 
twenty-four hours (changing the solution for fresh after the first 
hour) in staining jars containing 1-25 c.c. Giemsa’s liquid stain 
(Grubler), 1 -5 c.c. pure methyl alcohol, 2 drops 0-5 per cent, sodium 
bicarbonate and 50 c.c. distilled water. Differentiate in 95 per cent, 
alcohol, dehydrate rapidly in absolute alcohol, clear in xylol and 
mount in balsam. 

If the cytoplasmic stimctures are too blue (as may be the case 
if the material has been preserved in formalin) omit the sodium 
bicarbonate or add a little colophonium to the alcohol used in 
differentiation, or mordant before staining in 5 per cent, potassium 
bichromate. If on the other hand they are too red treat the 
tissues before staining for one minute with 1 per cent, solution 
of potassium permanganate followed by 5 per cent, oxalic acid 
and thorough washing in distilled water. In general the pH of 
the staining fluid should be pH 6-8-7*l, though it varies with the 
batch of dye and the fixative used. A buffer solution containing 
KH2PO4 1 grm. and Na2HP042H20 2 grm. in 1 litre of distilled 
water is suitable. With increased pH there is increase in the bluish 
and decrease in the reddish staining, lower values having the 
contrary effect. McNamara {Journ, Lab, and Clin. Med., xviii, 
1938, p. 752) gives a rapid Giemsa stain for sections. Giemsa 
stained sections fade quite rapidly particularly if exposed to 
sunlight or if the mounting medium is acid— heavy liquid petro- 
latum and clarite are both more satisfactory mounting media 
than balsam. 

866. McNeal’s Tetrachrome Stain (J. A. M. A., Ixxviii, 1922, 
p. 1122) was a further attempt to use pure dyes instead of 
polychrome methylene blue. This tetrachrome stain (obtainable 
commercially and certified by the XJ.S. Stain Commission in 1925) 
is made by dissolving 1-0 grm. methylene blue, 0-6 grm. Azure A, 
0*2 grm. methylene violet (Bernsthen) and 1-0 grm. eosin in 
100 c.c. pure methyl alcohol, by heating to SO'^ C. After standing 
with occasional shaking for one to two days at 37° C. any pre- 
cipitate that forms is filtered off. If properly prepared the 
solution should keep fairly permanently. For staining blood 
films it is used exactly as for Wright’s stain. 

867. Kingsley {Stain. Tech., x, 1935, p. 127) has devised a 
stain from -two permanent stock solutions which are mixed in 
equal parts for use. With this stain the only variable factor is 
the time of staining and exact reproducibility of results can be 
obtained. It can be used for blood smears, fixed sections, frozen 
sections or touch preparations. The various types of granules 
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are clearty defined, especially megakaryocyte and platelet granules 
and blood parasites are very well differentiated. The two 
stock solutions are : (I) Methylene azure 0*065 grm. ; methylene 
azure A 0*01 grm. dissolved in a mixture of glycerine C.P. 5 c.c. ; 
methyl alcohol 5*0 c.c. ; distilled water 25 c.c. ; phosphate 
buffer pH 6*9 15 c.c. (II) methylene violet (Bernsthen) 0*013 grm. ; 
eosin Y 0*045 grm. dissolved in a mixture of glycerine 5 c.c., 
methyl alcohol 10 c.c., and acetone 35 c.c. 

Blood smears are fixed with methyl alcohol, stained for five to 
seven minutes with the mixed stain and then washed. Sections 
are differentiated with acid acetone. 

868. Other Poly chromed Dyes such as toluidine blue and thionin 
have been used and yield Romanowsky effects. Groat’s modifica- 
tion of Jenner’s stain (Journ. Lab. and Clin. Med.^ xxi, 1936, 
p. 978) uses eosin Y, methylene blue, methyl violet and thionin, 

869. Panoptic Staining. The combination of a Romanowsky 
stain with another stain was first developed by Pappenheim and 
there are numerous modifications which claim enhancement of 
intensity of coloration especially of cytoplasmic granules by the 
combination. x4mong the earlier methods, Pappenheim’s pan- 
chrome {Folia HcematoL, xi, 1911, p. 194) was used after May- 
Grunwald fixation and methyl-green-orange combined with 
Giemsa was used by Kardos (Folia HcematoL, xii, 1911, p. 39) in 
the same manner. 

The most widely used combination is the May-Giesma stain 
(Pappenheim, Folia HcematoL, xiii, 1912, p. 539). Air dried 
films are fixed with May-Grunwald for three minutes after which 
an equal quantity of distilled water is added and the stain left 
for one minute. This is poured off (but not washed) and diluted 
Giemsa added and stained fifteen to thirty minutes. 

Balint (Klin. Wschr., i, 1926, p. 147) fixes in Jenner for five 
minutes, adds 2 c.c. buffer solution (Sorensens phosphate buffer pH 6-6- 
7*0) and stains for ten minutes. He then washes and stains in Giemsa 
diluted in buffer (1 : 10) for twenty-five minutes. 

Strumia (Journ. Lab. and Clin. Med., xxi, 1936, p. 930) combines in 
one solution the May-Griinwald and Giemsa stains (Coleman and Bell 
Co.). To prepare dissolve 1-3 grm. of Giemsa stain in 80 c.c. glycerol 
over two to three days, heat to 60° C. for two hours, cool and add to 
290 c.c. methyl alcohol and 290 c.c. acetone. The May-Griinwald 
stain, is 0*15 grm. eosin methylene blue mixture in 170 c.c. alcohol 
and 170 c.c. acetone. To use mix the stains and fix fresh blood smeara 
with 1 c.c. of mixture for two minutes, add 1 c.c. alkaline water (0*2 c.c. 
of 1 per cent, aqueous NaaCOg in 100 c.c. distilled water.) Stir and 
allow to stand three minutes. Wash in running water and dry, 

870. Restaining Faded Blood Films. Faded films may be 
restained with iron alum hsematoxylin as follows ; Remove 
cover-slip, if used, with warm xylol solution. Place slides in 90 
per cent, alcohol overnight. Bring down to water, place in 4 per 
cent* iron alum for one hour. Wash lightly and transfer to 1 per 
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cent, hsematoxylin for three hours. Differentiate in acid alcohol 
(0*5 per cent. HCl), not in iron alum. Wash in tap-water, upgrade, 
and mount in balsam or euparal (Gatenby). 

871. Staining of Sections. Adaptations of the Romanowsky 
stains for sections have been given for Jenner and Giemsa. 

Lillie (Stain Tech.^ xvi, 1941, p. 1) has shown that Wright and 
other Romanowsky stains dissolved in glycerine and methyl 
alcohol can be used without differentiation when buffered with 
citric acid and sodium phosphate (McRvaine buffers). The 
reaction should be pH 4-2 for neutral formalin fixation, pH 5 for 
Zenker formalin and pH 6*5 for alcohol or Carnoy fixation. The 
staining mixture is as follows : stock stain solution 2 c.c. acetone 
C.P. 3 c.c. ,* methyl alcohol 3 c.c. ; buffer solution to give the 
desired pH value 2 c.c. ; distilled water 30 c.c. The paraffin 
sections are brought down to water, stained for one hour in the 
mixture, rinsed in water, passed through a mixture of equal 
parts of acetone and xylene and cleared in two changes of xylene. 
He also recommends staining with alum hsematoxylin for three to 
five minutes and washing thoroughly before placing sections in 
the buffered Romanowsky stain mixture. 

Maximow (Ztschr.f. wiss. Mf/c., xxvi, 1909, p. 177) described a 
hsematoxylin, Azure II eosin stain for haemopoietic organs which 
is widely used. Material is fixed in his Zenker formol for six 
hours at 37° C. and sections are stained lightly with hsematoxylin. 
The eosin and Azure II stock solutions (which are stable for several 
months) are 1 in 1,000 eosin (Grubler) and 1 in 1,000 Azure II 
(Grubler) in distilled water. The staining reagent is made by 
diluting 10 c.c. of the eosin solution with 100 c.c. distilled water and 
adding 10 c.c. of the Azure II solution. The sections are placed in 
it immediately after mixing and left for from twelve to twenty-four 
hours. Differentiate in 96 per cent, alcohol and then absolute 
alcohol, xylol and mount in neutral balsam. The results are 
almost identical with those obtained by using the Giemsa stain. 
In certain cases it may be necessary to vary the proportions of 
eosin to Azure II. 

Bareett (Journ. Path, and Bad., Ivi, 1944, p. 133) has given 
the following method for staining of bone marrow which gives 
satisfactory differentiation, erythrocytes pink to orange pink, 
the cytoplasm of other cells blue to colourless, nuclei grey blue 
and granules of neutrophils crimson, eosinophil granules orange 
to scarlet and granules of basophils purple blue. He has found 
it good for post-mortem material up to forty -eight hours after 
death . The tissue is fixed in formol saline for twelve to twenty -four 
hours . After decalcification thin sections are stained with 
Carazzi’s hsematoxylin ten to twenty minutes, rinsed, differentiated 
in acid alcohol and washed in running tap water for five minutes. 
Transfer sections to a Coplin Jar containing freshly prepared 
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staining mixture consisting of water 30 nil. : buffer 10 ml. (mixture 
of (A) 4 ml. NKH 2 PO 4 in 240 ml. distilled water and (B) 1 ml. 
N. NaOH and 1 ml. N. distilled water, (A) 

and (B) should be mixed in proportions of 2 : 1 to 1 : 2 , the larger 
amount of A accentuating the red, while B accentuates the blue) ; 
orange mixture 0*1 c.c. (1 voL 1 per cent, erythrosin, 3 vol. 1 per 
cent, orange G and 2 vol. distilled water), and blue mixture 
0*1 c.c. (2 vol. 1 per cent, methylene blue and 1 vol. 1 per cent, 
tohiidine blue and 17 vol. distilled water). Stain eighteen to 
twenty -four hours, dehydrate and mount in Gurr’s neutral 
mounting medium. 

872. Staining ot Eosinophil Granulocytes. In general the 
granules of these cells are well stained by the dyes of the Roman- 
owsky series though care should be taken that the pH. of both 
the staining solution and the distilled water is not on the alkaline 
side. For the identification of eosinophils in nasal smears Weibeb 
{Joiirn, Lab, and Clin. Med., xxii, 1937, p. 1280) recommends 
staining with Wright’s stain for four minutes decolorising with 
95 per cent, alcohol for two to three minutes, followed by two 
minutes in Loeffler’s methylene blue. The indulin-aurantia^eosin 
mixture of Ehrlich (§ 333) gives good staining of the granules. 
Staining should be carried out at 40"^ C. for four to five hours 
(McClukg, Microscopical Tech., 1937, p. 343). Cameron (Journ^ 
Path, and Bad., xxxv, 1932, p. 933) recommends the panoptic 
methods for staining the granular blood cells of the invertebrates. 
He notes that the staining power of the eosinophil is influenced 
by the pH of the fixative. At pH 4*3 it is lost, at 7*8 they stain 
distinctly and above 9 there is much fusion. 

In sections eosin gives much less precise staining of eosinophils 
than in blood smears. Biggabt {Jotmi. Path, and Bact, xxxv, 
1932, p. 799) stains eosinophil cells in sections with Azo eosin 
1 part in 2,000. The material is fixed in Bouin or mercuric 
chloride and sections are first stained w^ith h^ematoxylin. After 
formalin fixation 1 : 2000 solution of Biebrich scarlet gives better 
results, Lendrum (Journ Path, and BacL, Wi, 1944, p. 441) 
finds that the granules of tissue eosinophils are selectively stained 
a strong red by chromotrope 2 R and that the dye scarcely stains 
the erythrocytes. The stain is made by melting 1 grin, of phenol 
crystals in a flask under a hot tap and mixing in 0-5 gr. of chromo^ 
trope 2 R (C.I. 29. Revector Brand). The sludge is then dissolved 
in 100 c.c. of distilled water and the solution is good for at least 
three months. Sections are stained in hsemalum and counter- 
stained in the carbol-chromotrope for one half hour, washed and 
mounted in the ordinary manner. 

873. Mast Cells. Basophil Leucocytes. The basophil leucocytes 
stain characteristically with dark blue granules in the usual 
Romanowsky stains of blood smears— with Ehrlich’s triaeid stain 
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the granules do not stain. In tissues the similar but larger cells 
are known as mast cells, and numerous methods have been devised 
for staining specifically the granules of these cells, which stain 
metachromatically with many of the basic dyes of the anilin 
series. The colour of the granules varies with the fixative used, 
and the problem has been discussed by Michels Handbook of 
Hsematology.” Downey, vol. I, p. 266). The granules are soluble 
in water and according to Holmgren the metachromatic sub- 
stance is identical with heparin. Unna (Enzyk Mik. Tecknik. (ii), 
1910, p. 414) recommends that the material be fixed in pure 
absolute alcohol and sectioned in celloidin. In the same volume 
(p. 72) he recommends staining for three hours to overnight in 
polychrome methylene blue with a knife point of alum to a 
watch-glass of stain, rinsing, then passing through alcohol, xylol 
to balsam. 

Maximow {Arch, f. mik. Anat, Ixxxiii, 1913, p. 247) gives the 
following methods. Sections of tissues fixed in absolute alcohol 
are stained twenty -four to forty -eight hours in saturated thionin 
in 50 per cent, alcohol. Staining can be reduced to twenty minutes 
by adding 4 drops of 3 per cent, sodium carbonate to 20 c.c. 
thionin solution and filtering before use. He also gives a technique 
for smears fixed in formalin Zenker. 

Holmgren and Wilander {Ztschr, f. mik, Anat., xlii, 1937, 
p. 242) claim that fixation in formalin alcohol gives inferior 
results and recommend fixation in 10 per cent, aqueous basic 
lead acetate and staining with 1 per cent, alcoholic toluidine 
blue. Sylven {Acta Radiol, xxi, 1940, p. 206) modified the 
method for use in guinea pigs and rats (in which the basophilic 
granules are said to be less soluble than in other animals) by 
fixation in 4 per cent, basic lead acetate for twenty-four hours 
and stained paraffin sections with 0*5 per cent, toluidine blue and 
' other dyes. 

874. Plasma Cells. Plasma cells are mainly identified by the 
recognition of a perinuclear zone of pallor, and Giemsa and other 
Romanowsky stains reveal the characteristic cytoplasmic colora- 
tion. IJnna’s term of plasma cells was used for all types of cells 
with much cytoplasm and is not specific. A modification of 
Pappenheim’s method (F^rc/^CI:€?’5 .4rc/^., clxiv, 1901, p. 110) is to 
fix tissues in absolute alcohol, mercuric chloride or mercuric 
chloride acetic acid and stain sections for ten minutes at 20'^-40'^ C. 
in Grubler’s carbol-pyronin-methyl green mixture. Cool rapidly, 
clear and mount in any ' neutral mounting medium. The 
cytoplasm of plasma cells is bright red. Conn {Biological Stains, 
1940, p. 141) advises pyronin Y (synonym G) in the composition 
of this stain and states that as the American djre is so much 
stronger than the original product, he advises the following 
formula : inethyl green 1-0 grm. ; p}T*onin 0*25 grm. ; 95 per cent. 
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saturated solution of benzidine in 40 per cent, alcohol containing 
ethyl alcohol'5 c.c. ; glycerol 20 c.c. ; 2 per cent, aqueous solution 
of plienoi 100 c.c. The solution is stable for many months. 

Kindred (Stain Tech., x, 1935, p. 7) has shown that the Russell 
bodies in plasma cells suspected of being hjcmoglobiniferous, 
when suspended in buffered dye sucrose solution, do not stain 
with eosin on the acid side of pH 7 w^hereas known hsemoglobini- 
ferous cells stain strongly with eosin below pH 7. He concludes 
from the observations that the substances in the plasma of Russell 
bodies are not haemoglobiniferous. Everson Pearse (J. clin, 
Path.^ ii, 1949, p. 81), using the periodic acid Schiff (§ 882) method, 
and ribonuclease and hyaluronidase, has shown that the Russell 
bodies in human plasma cells and Kurloff bodies in guinea pig 
lymphocytes are composed of polysaccharide containing globulins 
probably secreted by the cells. 

875. Microchemical Tests for Oxidation Centres in the Cells 
(refer also to Chapter XXVHI). Cells of the myeloid series contain 
enzymes known as oxidases and peroxidases which catalyse 
oxidation of several substrates. Lison (Ilisiochimie Animate, 
1936, p. 262) has pointed out that the histological ‘‘ oxidases ” 
are in reality phenolases and do not include all enz^mies catalysing 
the reaction of oxidation. 

The granules in the eosinophil and neutrophil cells give positive 
oxidase and peroxidase reaction though there is some doubt 
about the basophils (Michels, Downey’s Handbook of Hjcma- 
tology,” Vol. I., 1938, p. 325) and lymphocytes, lymphoblasts and 
plasma cells show no reaction though some monocytes show a 
faint reaction. The granularity increases during the development 
of the m3^eloid series and myeloblasts usually react negatively, 
thus rendering the test valueless as a point of distinction in many 
doubtful cases of stem cell leukemia. 

876. Two techniques have been developed for the demonstration 
of these enzymes known as the oxidase and peroxidase tests. The 
latter test is more widely used for blood films since the reagents 
are more stable and more readily available and the stained material 
does not fade so readily. 

Unna’s original method (.4ircA./. Mik. Anal., Ixxviii, 1911, p. 1 ; 
ibid., Ixxxvii, 1915, p. 96) was to use a solution of rongalit white, 
which is a solution of the leucobase of methylene blue kept in a 
state of reduction by excess of rongalit, an absorption product of 
formaldehyde with sodium sulphate. 

The main oxidase techniques depend on the synthesis of indo- 
phenol blue from a naphthol and dimethyl-paraphenylendiamin 
in alkaline solution, the Nadi reagent. Graff’s method (ZbL 
allg. Path, xvii, 1916, p. 313) gives preparations permanent for 
several months and is applicable to frozen sections as well as 
blood smears. 0*5 grm. a-naphthol is dissolved by boiling in 
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250-300 c.c. of distilled water and placed in a brown flask. Excess 
of a-naphtliol falls to the bottom as the solution cools and the 
solution can be used for four weeks. 0*5 grm. dimethyl-p-phenyl- 
endiamin is dissolved in 250 c.c. distilled water by light shaking 
and stored in a brown flask. It is ready for use after twelve to 
twenty -four hours and is good for two to three weeks. Before 
use the solutions are filtered and are mixed in equal parts in a 
shallow dish. Sections or smears to be stained are fixed in formalin 
vapour and placed in the solution immediately after mixing and 
left for ten to fifteen minutes, the solution being constantly 
stirred. They are then transferred to distilled water for a short 
time and then to Lugol’s iodine diluted 1 in 2 (or Gram’s iodine) 
for two to three minutes. They are then transferred to distilled 
water to which a few drops of lithium carbonate have been added 
and are left ten to twenty-four hours, until a good blue 
colour appears. They may be coujtiterstained with alum carmine 
in hsematoxylin eosin, washed in water and mounted in glycerol 
gelatin. The positive granules are stained a dark blue. Schulze 
{ZbL allg. Path,, xxviii, 1917, p. 8) employed 1 per cent, solutions 
of the constituents dissolving the a-naphthol by the addition of 
caustic potash to the boiling solution. Blood films are fixed 
in a mixture of 1 part 40 per cent, formol with 10 parts absolute 
alcohol. Shaw Dunn (Journ. Path, and Pact,, xv, 1911, p. 20) 
used equal parts of 1 per cent, a-naphthol and dimethyl-p-phenyl- 
endiamin mounting in water glass when the staining is good for 
many weeks. He found that various phenols could be substituted 
for a-naphthol and that paraphenylendiamin also works when 
used alone though the reaction is slower. Other workers have 
varied the proportions of the a-naphthol and dimethyl-p-phenyl- 
endiamin and the staining times with equally good results. See 
Graff (Zeigl, Beitr,, Ixx, 1922, p. 1). 

The peroxidase reactions depend on the formation in the 
presence of peroxide of a coloured product from a soluble substrate 
benzidine or a-naphthol. The following are in general use. 

Graham {Journ, med. Res,, xxxv, 1916, p. 231). Fix fresh blood 
smears in a freshly prepared mixture of 9 parts of 95 per cent, 
alcohol and 1 part of formalin for one to two minutes. Wash in 
water and flood with a solution containing a-naphthol 1 grm., 
40 per cent, alcohol, 100 c.c. and hydrogen peroxide 0*2 c.c. for 
four to five minutes. Wash in running water for fifteen minutes. 
Stain in a solution of the following, pyronin 0*1 grm., aniline oil, 
4 c.c., 40 per cent, alcohol, 96 c.c. for two minutes. Wash in water 
and stain in 0*5 per cent, aqueous methylene blue half to one 
minute. Wash, blot and mount. The peroxidase positive 
granules appear reddish brown, the nuclei blue and the red cells 
yellow. 

Graham {Journ, med. Res,, xxxix, 1918, p. 15) also used a 
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0*2 per cent, hydrogen peroxide staining in this solution for 
five to ten minutes after preliminary fixation as above and counter- 
staining with methylene blue. The cytoplasm of the lymphocytes 
and all red cells is blue, red cells green, and granules of myeloid 
series amber. Sato and Sekiya {Tokoku Journ, :Exp,. Med., vii, 
1926, p. Ill) fix films with 0*5 per cent, copper sulphate and after 
one minute pour ofi* the solution and without washing or drying 
flood with a solution of benzidine for two minutes. The benzidine 
is prepared by rubbing 0*2 grm. of benzidine with a few drops of 
distilled water in a mortar, 200 c.c. of distilled water are added 
and the solution filtered, and 4 drops 3 per cent. HgOg are added 
to the filtrate. After washing in tap water, films are counterstained 
with 1 per cent, safranine, neutral red or carbol fuschin and 
mounted. Peroxidase granules a deep blue. In the case of rabbit 
blood (ihid., X, 1928, p. 293) they recommend that the quantity of 
H 2 O 2 be doubled. 

877. Nitroprusside combined with benzidine is used by Good- 
PASTUEE {Joum.Lab. and Clin. Med., iv, 1919, p. 442). The stain 
is made by dissolving 0*05 grm. sodium nitroprusside in 2 c.c. 
distilled water and adding it to 100 c.c. 95 per cent, alcohol 
containing 0*05 c.c. benzidine C.P., 0*05 grm. basic fuschin and 
0*5 c.c. hydrogen peroxide. A well-dried blood smear is covered 
with a known amount of stain and after one minute an equal 
volume of a freshly prepared 0*2 per cent, solution of hydrogen 
peroxide is added. Washburn {Jour. Lab. and Cli/n Med., xiv, 
1928, p. 246) combined a modified Goodpasture peroxidase 
stain with Wright’s stain. The benzidine or benzidine nitro- 
prusside peroxidase reactions may be followed by a Romano wsky 
stain which facilitates recognition of the cells. The reaction has 
been applied to paralfm sections by Ritter and Oeeson {Arch. 
Bath., xliii, 1947, p. 330) ; they fixed small blocks of bone marrow 
in formol-alcohol for twenty -four hours, and after washing for 
one hour placed the tissues in Graham’s (1916) modified peroxidase 
stain for twenty -four hours, followed by thorough washing and 
the pyronin stain for two to twenty -four hours. The tissues 
were then embedded and sectioned. The cytoplasmic stains lor 
the sections should only provide a light background for the red 
peroxidase granules. 

878. Lipoid Granules. Lipoid granules in leucocyte.s can be 
stained with Sudan III (Bacsich, Journ. Anat., Ixx, 1936, p. 267). 
Sudan III 1 grm. is dissolved in 200 c.c. 96 per cent, alcohol by 
boiling over a water bath for five minutes. Filter and keep at 
4i^ C. for twenty -four hours, filter and reduce the alcohol con- 
centration to 80 per cent, with distilled water. The staining 
solution is made by adding drop by drop an equal volume of 
distilled water to the stock solution. Air dried films are stained 
at C. for five minutes, and can be counterstained with Weigert’s 
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hsematoxylin. The preparations fade rapidly and must be 
' mounted in glycerine. 

The demonstration of fat granules in leucocytes has been made 
by Sheehan {Journ. Path, and Baet, xlix, 1939, p. 580) and 
McManus {Nature, clvi, 1945, p. 178) with Sudan Black B. 

; Bailiff and Kimbrough {Journ. Lab. and Clin. Med., xxxii, 1947, 

I p. 155) have shown that Sudan Black B stains granules in the same 

I leucocyte forms that are known to give positive oxidase and 

I peroxidase reactions. Their technique is- to fix films in formol 

I alcohol, and after washing, to stain in a saturated solution of 

I Sudan Black B for half to one hour, and counterstain with May- 

^ Griinwald Giemsa (May-Griinwald three minutes followed by 

I Giemsa ten to fifteen minutes). In these preparations the erythro- 

cytes stain slate grey to black and the neutrophil and eosinophil 
: cells contain black granules. The basophils did not stain with 

the fat stain and atypical granulation was observed in some 
cases of myelogenous leukemia. 

879. Haemoglobin. The histochemical detection of haemoglobin 
is not specific and according to Lison Histochimie Animale,” 
1936, p. 249) is best shown by peroxidase reactions. Ralph 

, {Stain Tech., xvi, 1941, p. 105) has used this method in embryonic 

frog’s blood. He floods dried blood smears with a 1 per cent, 
solution of benzidine in absolute methyl alcohol for one minute. 
This is poured off and replaced with a 25 per cent, solution of 
Superoxol * in 70 per cent, ethyl alcohol. After one and a half 
minutes the smears are washed in distilled water for fifteen seconds, 
dried and mounted. By this method all structures containing 
lucmoglobin are coloured a dark brown. 

! Red cells in undried urine sediments are uniformly stained a 

deep blue with a solution made by mixing 1 mi. of 1 per cent, 
alcoholic benzidine solution ; 1 ml. 1 per cent, aqueous acetic 
j acid, 3 drops of 3 per cent. H 2 O 2 and 9 ml. of distilled water, 

f' Other hfcmic cells show structural elements but other cellular 

I’ elements remain unstained. 

' Red cells in tissues. Okajima {Anat Ree., xi, 1917, p. 295) 

obtained selective staining of red cells in tissues with a phos- 
phomolybdic acid lake of alizarin stain which shows a special 
affinity for haemoglobin. The sections of formol or sublimate 
fixed material are washed in distilled water and mordanted in 
10 per cent, phosphomolybic acid for thirty seconds to two minutes, 
washed in water and stained in the following solution for twenty 
minutes to twenty hours : saturated aqueous solution of sodium 
sulphalizarinate 100 c.c., 10 per cent, aqueous solution phos- 
phomolybdic acid 30 c.c. Wash in water then pass through the 
alcohols and xylol and mount in balsam. Erythrocytes are bright 
yellow orange. Crossmon {Stain Tech., xv, ld4i0, p. 155) has 
, * Superoxol is 30 per cent, hydrogen peroxide (Merck). 
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found that red cells in tissues are selectively stained with 
chromotrope 2R, decolorised with 5 per cent, phosphotungstic acid 
and counterstained with methylene blue. Other strongly acido- 
philic elements are also stained but the method is useful for the 
demonstration of the circulation in celloidin sections up to 25 /x in 
thickness. Dunn {Stain Tech., xxi, 1946, p. 65) has used ieuco- 
patent blue V for the identification of haemoglobin in kidneys. By 
this method the haemoglobin stains a dark blue-green and the 
background is a bright pink colour. Tissues should be fixed in 
4 per cent, formalin and both Zenker and Bouin fixatives inhibit 
staining. 

880. Iron. The iron in hsemoglobin cannot be demonstrated 
except by microincineration. Red cells containing granules 
giving a prussian blue reaction have been described in flextailed 
mice by Gruneberg and in cases of haemolytic anaemia following 
splenectomy by Pappenheim, Thompson, Parker and Smith 
{^uart. Joimi. Med., xxxviii, 1945, p. 75). Gruneberg {Journ. 
Genet., xliv, 1942, p. 246) fixed air dried blood films in absolute 
methyl alcohol, and after drying flooded them with a freshly 
prepared solution of 1 per cent, hydrochloric acid in 1 per cent, 
potassium ferr icy ankle for three to five minutes. Biebrich 
scarlet or eosin can be used as a counterstain and the siderocytic 
granules appear as slightly refractible blue green particles either 
singly or up to six in a cell. 

Siderocytes have also been described in stored human blood by 
Case (Journ. Physiol., ciii, 1944), using a mixture of equal 
parts of (i), a saturated solution of aa dipyridyl in distilled water 
and (ii), 7 per cent, potassium thiocyanate in 1 per cent, hydro- 
chloric acid. Films fixed in methyl alcohol are stained for ten 
minutes, rinsed in distilled water and counterstained with 1 per 
cent. Biebrich scarlet. The granules show a purplish coloration, 
Thomas and Levollay (Bull. dJIist. App., xii, 1935, p. 400) 
recommend the following method for the localisation of iron in 
red cells in tissues and smears. Tissues are fixed in alcohol, 
trichloracetic acid or neutral formalin (avoid alkaline formalin 
or chromic fixatives). Add to the washed sections a few drops of 
the following reagent for five to fifteen minutes. Dissolve 2*5 grin. 
8 hydroxy quinoline in 4 c.c. pure acetic acid by gentle warming, 
add distilled water quickly to 100 c.c. and filter. Pour off the 
reagent and add to the preparation 1 drop of 25 per cent, aqueous 
ammonia, wnsh in a stream of distilled water, stain nuclei wdth 
lithium carmine and examine in neutral distilled water or dehy- 
drate in terpinol and mount in vaseline oil. The iron stains a 
greenish black, but considerable fading occurs even in the first 
twenty -four hours. 

881. Alkaline Phosphatase. Wachstrin (Journ. Lah. and Clin. 
Med., xxxi, 1946, p. 1) described a modification of Gomori’s 
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iiielliod for determining alkaline phosphatase in normal and 
abnormal human blood and bone marrow cells. Fix air dried 
films with a solution of 0*25 g. celloidin in 50 c.c. absolute alcohol 
and 50 c.c. ether. Dip in 95 per cent, alcohol and wash in dis- 
tilled water and place for fifteen hours at 37° C. in the following 
freshly prepared solution. 3*2 per cent, aqueous sodium glycero- 
phosphate (+ 5 H 2 O) 10 c.c.; 10 per cent, aqueous sodiuna 

diethyl barbiturate 10 c.c. ; M/10 MgSO^ 10 c.c. ; 2 per cent, 
aqueous calcium nitrate 15 c.c. ; distilled water 5 c.c. Wash in 
water containing a few drops of calcium nitrate solution, place in 
a solution of 2 per cent, cobalt nitrate for five minutes ; wash in 
tap water, and place in a Coplin jar with water containing a few 
drops of cobalt phosphate. 

The situations of tissue phosphatase activity show black 
granules and in infections the intensity of staining increases in 
the polymorphonuclear leucocytes but is markedly decreased in 
acute myeloid leukemia. Rabino witch and Andreucci {Blood, 
iv, 1949, p. 580) found that fixatives such as osniic acid vapour, 
Bouin’s solution and methyl alcohol caused a total inactivation of 
both acid and alkaline phosphatases, and recommend fixation by 
forniol vapour. 

882. Potassium, Carer-Combs {Zeit /. wrs, Mitr., Iv, 1938, 
p. 1) has demonstrated the presence of potassium in red cells 
with Siena orange (sodium paradipicylamine). Tissue should be 
fixed in neutral formalin. Place in the Siena orange solution (as 
received ready for use from Holborn) for two minutes, then 10 
per cent, hydrochloric acid for three minutes. Wash twice in 
.distilled water for ten minutes, blot and dry at 37° C. Mount in 
thickened cedar oil. Red cells are bright orange, other cells pale 
yellow or unstained. 

882. his. Glycogen. This has been demonstrated by the 
periodic acid Schiff technique in myeloid cells, megakaryo- 
cytes and platelets in films of blood or marrow by Wachstein 
{Blood, iv, 1949, p. 54) ; Wislocki, Rheingold and Dempsey 
{ibid., p. 562) and Gibb and Stowell {ibid., p. 569). Films air 
dried, or fixed in absolute alcohol or in Rossman’s mixture 
(saturated solution of picric acid in absolute alcohol 90 c.c. ; 
formalehyde (added just before using) 10 c.c.) were placed in 
0*5-10 per cent, solution of periodic acid in water for five minutes. 
After washing in tap water the slides were immersed in Schiff ’s 
leucofuchsin reagent for fifteen minutes and then rinsed in 
sulphurous acid. Control films treated with saline for fifteen 
minutes to one hour prior to staining should always be included 
in order to distinguish glycogen from other reactive substances. 
(See also § 708.) 

883. Nucleic Acids. Thorell {Acta. Med. Scmid., cxvii, 1944, 
p. 334) has studied nucleotide changes in bone marrow cells 



384' 


BLOOD 


during mat lira, t ion by th^ir absorption of, ultra-violet light. 
The FeuJgen reaction (§ 662) has been applied to normal and 
abnormal blood by La Cour {Proc, Boy, Soc, Edin, Ixii, 1944, 
p. 78). He has found that the chromosomes of dividing ceils of 
the myeloid and erythoid series can be distinguished by the 
contrast in desoxyribose-nucleic acid charge, the proerythroblasts 
staining deeply and the promyelocytes weakly. In pernicious 
amemia this difference is accentuated. Gaedikas and Israels 
(J. elm. Path,, 1, 1948, p. 226) have shown that the Feulgeii 
reaction can be a valuable supplementary technique in clinical 
hsematoiogy as it distinguishes between immature and mature 
lymphocytes, and gives good differentiation of nucleoli. 

White (J. Path, Bucl, lix, 1947, p. 228) and Davidson, Leslie 
and White {ihid., lx, 1948, p. 1) have investigated the cytoplasmic 
basophilia of marrow cells by ribonuclease action in parallel with 
Romanowsky staining in normal individuals and in patients 
suffering from various blood dyscrasias. 

884. Blood Platelets. Blood platelets may be observed in 
fixed preparations, supravital wet smears and blood containing 
anticoagulants. The usual polychrome stains, especially Jenner 
Giernsa, are the best for their demonstration in blood smears. 
The platelets are seen isolated or agglutinated frequently with an 
indistinct outline with frayed edges. The central portion stains 
reddish violet and appears granular and the body stains bright 
blue. 

For the study of platelets and megakaryocytes in tissues, the 
material must be obtained rapidly after death or from biopsy 
material. Wright (Journ, Morph,, x;xi, 1910, p. 268) fixed 
material in formol or sublimate (not Zenker) and stained with a 
mixture of a polychrome methylene blue eosin with an equal 
volume of distilled water, dehydrated in acetone, cleared in oil 
of turpentine and mounted in turpentine coiophonium. Kingsley 
(Folia Emm,, Ivii, ,1987, p. 87) fixed in saturated picric acid 
1 part and Downey’s fluid 4 parts (Downey’s fluid commercial 
formalin 10 c.e. ; saturated mercuric chloride in 0-9 per cent, 
aqueous sodium chloride 90 c.c.) for twenty-four hours. Wash 
for twenty -four hours and dehydrate in alcohols up to 70 per cent, 
for one-half to one hour each, then 80 per cent, alcohol with 
iodine overnight ; 95 per cent, alcohol for forty-live minutes 
repeat with fresh; normal butyl alcohol for one hour repeated 
with fresh ; paraffin 58® for one-half hour with three changes 
of one-half hour each. Sections washed in distilled water are 
flooded with Kingsley’s stain (§ 867) for eight to ten minutes, 
washed with distilled water, with acetic acid (0*8 c.c. 1 per cent, 
acetic acid to 100 c.c, water), and then with distilled water to 
remove the acetic acid. Blot and rinse in acetone containing 
acetic acid and eosin (acetone 100 c.e. ; 1 per cent, acetic acid 
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0*4 c.c. ; eosiii 0-001 grm.), rinse in n-^butyl alcohol containing a 
little eosin, rinse several times in neutral xylol and mount in 
xylene dammar. 

885. Malarial Parasites. Although these are stained well in 
thin films by most of the Romaiiowsky dyes the American Giemsa 
has been found to be less satisfactory for thick film preparations 
than the German product, Lillie {Stain, Tech., xvii, 1942, 
p. 57) has shown that commercial samples of Wright’s stain 
showing thiazin absorption maxima between 650 and 660 m/x, give 
the best stains for malaria, Giemsa {Munch, med. Wschr., 
ii, 1935, p. 1075) stated that the staining of the Schiiffner 
granules in tertian malaria was very susceptible to the purity of 
the methyl alcohol, Merck purissimus being suitable but the 
puris preparation unsatisfactory. Field’s modified stain {Tr, Roy. 
Soc, Trop. Med. and Hyg,, xxxv, 1941, p. 35) is recommended 
for staining thick films. The two stock solutions are (A) methylene 
blue 0-8 grm. and azure 1 0-5 grm. dissolved in a phosphate buffer 
mixture of Na2HP04 (anhydrous) 5-0 grm., and 6*25 grm. KH2PO4 
(anhydrous) in 500 c.c. warm freshly boiled distilled water ; stir 
till dissolved and leave twenty-four hours. If Azure I is unobtain- 
able 1*3 grm. of medicinal methylene blue and 5 grm. Na2HP04 
are dissolved in 50 c.c. distilled water and evaporated almost to 
dryness in a water bath. Then add 6*25 grm. anhydrous 
KH2PO4 and 500 c.c. distilled water, stir till stain is completely 
dissolved, leave twenty-four hours and filter. Solution (B) 
Na2HP04 (anhydrous) 5 grm., KH2PO4 (anhydrous) 6*25 grm. are 
dissolved in 500 c.c. warm freshly boiled distilled water as above 
and 1*0 grm. eosin added. 

The thick smear (which should not be too thick) is dipped into 
Solution A for one to two seconds, rinsed in a jar of distilled water 
until no more stain comes off, dipped into Solution B one to two 
seconds, rinsed for two to three seconds in distilled water and 
left to drain and dry. With old films and very thick films pre- 
liminary dehsemoglobinisation can be affected by immersion in 
the phosphate buffer alone until the haemoglobin diffuses out. 
The Romanowsky effects can be intensified by counterstaining 
with Leishman’s stain after the film has dried. Gingrich {Stain 
Tech., xvi, 1941, p. 159) similarly fixes films in Jenner after the 
staining laking procedure with dilute Giemsa stain. Manwell 
{Journ. Lah. and Clin Med., xxx, 1945, p. 1078) has tested the 
J. S. B. stain which can be made in the laboratory from eosin 
and methylene blue for blood parasites which gives a stain similar 
to Giemsa. Shute {Bull. Emerg. Pub. Health, v, 1946, p. 32) 
gives a critical analysis of the relative merits of thick and thin 
films in malaria with notes on their preparation. 
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CHAPTER XXXII 

GOLGI APPARATUS,* MITOCHONDRIA, f ETC4 


886. In recent years some doubt has arisen as to what is the 
Golgi apparatus. Before proceeding to a description of the various 
methods for demonstrating this and other bodies in the cell 
cytoplasm it will be necessary to enter into some explanations. 

What is the Golgi Apparatus? The Golgi apparatus is 
constituted typically in the higher vertebrate neurone by a 
network, more or less complete, of argentophile substance lying 
in the cytoplasm. In young neurones the network is situated 
on one side of the nucleus in the so-called juxta-nuclear eccentric 
position. 

In tissues which have been fixed in formalin, immersed in silver 
nitrate solution, and then reduced in hydroquinone solution, the 
Golgi apparatus often, but not always, becomes black with reduced 
sih^er. This phenomenon can be made to occur more certainly by 
adding arsenious acid, cobalt or uranium nitrate, or cadmium chloride 
to the formalin fixing solution. Similarly, pieces of tissue fixed in 
osmium tetroxide solution, and left in it for some weeks at room 
temperature, gradually show a blackened area in the same place in 
given cells as with the formalin silver techniques. In some, but not all 
cells, certain vital dyes segregate in vacuoles or granules in the region 
of the Golgi apparatus. In other w'ords, the area in which the Golgi 
material lies is in such cases a functionally specialised part of the cell. 
Summarised, tests for the Golgi apparatus are as follows : (a) It goes 
back in the formalin silver nitrate and osmic Golgi apparatus methods. 
{b) Except possibly for certain male germ cell dictyosomes it does not 
stain in neutral red, (c) It passes centripetally and is found below the 
fat, in ultra-centrifuged cells (§ 942). (d) It does not stain in methylene 
blue, (e) It is not dissolved out of formol fixed material by paraffin 
imbedding. 

In metazoan cells (including sponges, Parazoa), the Golgi 
apparatus is definitely identifiable. With the exception of the 
Sporozoa, in the Protozoa there is still no consensus of opinion as 
to whether true Golgi material is present. The Golgi apparatus 
of Protozoa does not appear to us to be the neutral red staining 
granules, see Daniels, {Quart, Journ, Micr, Sci,^ 1938), though in 
Metazoa neutral red staining substance may be closely associated 
with Golgi material, e,g,, pancreas acini. The writer holds the 
view that in some flagellated organisms, the Golgi apparatus is 
associated with the base of the flagellum, as in sponges. For 

♦ Nebeakera batonettes, idiozome rods, “ Golgi-Kopsch apparat,” apparato 
, intemo reticolare, dictyosoiues, Binnennetz, etc. 

t Chondriosomes, choudriokonts, plastochondria, “ chromidia,” bioblasts, 
chondriome, chondriomites, etc., etc, 

% By J. B. G, 
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recent literature see Patten and Beams Journ, Med, Soe,, 

1936), Hall (Boif; Emm, Feb., 1936), 

887. Nomenclature. The original name of the Golgi apparatus 
is the “apparato reticolare interno ” or the “inner reticular 
apparatus ” of Camillo Golgi, of Pavia. The Golgi apparatus of 
Golgi and Da Fano and others of Golgi’s and Cajal’s Schools is the 
argentophile reticulum. Other Italian workers such as Perroncito 
called the separated parts of invertebrate cell Golgi apparatus, 
“ dittosomi ” or dictyosomes (rod bodies). Later Parat introduced 
the term “ lepidosome,” meaning scale body, but the separate 
Golgi bodies are as often rods as scales, and the word dictyo- 
some has long priority. The term “Golgi element” is now 
sometimes used instead of Golgi apparatus, which clearly has 
priority ; in addition the dictyosome is not a chemical element. 
The reticular form of the neurone Golgi apparatus has been 
thought by some to be an artefact. A very similar reticular 
apparatus exists in fish oocytes, and is easily ultra- centrifuged to 
one side and is clearly not an artefact (Singh and Boyle, Quart, 
Jour, Micr, Sci,, 1938). The Golgi apparatus was first seen in 
Helix spermatocytes by La Valette St. George, who worked at the 
University of Bonn. 

The neurone stained vitally in neutral red shows many small 
red vacuoles or granules in qr near the Golgi apparatus. In the 
kitten neurone these granules can be ultra centrifuged away 
from the argentophile net, and the two are not identical (See 
R. Brown, Ibid,, 1936). It is unknown whether these 
granules are artefacts, but the evidence is that they are not arte- 
facts in the neurone or acinus cell, but are secreted more or less 
closely in connection with the Golgi apparatus, or might be 
changed pieces of the Golgi apparatus. Recent work by Gatenby 
and Moussa (J. R, M, S, and La Cellule, 1949) indicates that the 
Golgi apparatus of the mammalian neurone consists of a canalicu- 
lar system, the walls of which impregnate with silver. This 
cortical material is the Golgi apparatus substance, which in other 
cells is connected with secretion. In the neurone, the canals are 
associated with sudanophile substance plastered here and there 
on the walls of the canals. Between the canals exist other 
sudanophile-free granules and vesicles, which were first described 
by Ciaccio in 1910 {Arch, f, Zellf,) The sudanophile material, if 
preserved at all, only partly appears after the four-hour Aoyama 
fixation and wax imbedding of the ordinary Aoyama Golgi 
apparatus preparation. There is no evidence that the mitochondria 
are directly associated with the canals or argentophile material 
constituting the Golgi apparatus of Cajal, Golgi and Da Fano. 

Recently J. R. Bakee (Q. J. M. S,, Ixxxv, 1944) and Owen Thomas 
(Ibid., 88, 1948) have described senility pigment in rabbit and mouse 
sympathetic neurones as the ‘‘Golgi apparatus”! An ordinary 
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lie Golgi apparatus is present at the dendrite end of these 
cells, tlie Baker ‘‘ Golgi apparatus,” being at the axon end, 

888. Microchemical Tests for Cytoplasmic Granules. Elsewhere in 
this book will be found articles on fat staining, §§ 684, 989, and a 
conservative review^ of useful microchemical methods, § 708. The 
reader should consult these as vrell as various articles on the micro- 
chenustry of ceil granules, etc., in Lison, op. dt., and in the recent 
numbers of the Qtmrt. Joiirn. Micr. Sd., the Wistar Institute and 
various biochemical journals and reviews. 

889. The Mitochondria, Chondriome. The mitochondria are 
numerous granular, filamentous or rod-shaped cell inclusions 
which stain blue-black in iron haematoxylin after formalin-chrome, 
chrome-osmium fixation, and are usually dissolved or much 
distorted by alcohol and acetic acid containing fixatives. In 
some organs, liver, or mitochondrial middle-piece of insects, 
the remains of the mitochondria show clearly even after Carnoy 
fixation. 

Mitochondria are, in animal cells, the heaviest of the cell 
inclusions, do not stain in neutral red (except in the lethal stage), 
and especially in vertebrate cells stain specifically in Janus Green. 
In the male metazoan germ cells, the mitochondria form the 
middle-piece, the Gk)lgi bodies secrete the acrosome. The only 
exception to this is in the sperms of Peripatus where the mito- 
chondria only doubtfully form a small middle-piece. Here, 
however, the acrosome is formed normally from a Golgi body. 
In seeking a discrimination between Golgi bodies and mitochondria 
it is useful to make slides of the germ cells, and necessary to use 
the ultra-centrifuge where doubt may arise. 

890. Study of Golgi Bodies and Mitochondria, Vitally. This 
may best be carried out in molluscs such as Helix aspersa or 
insects such as Gryllus or Lepisma, in which both types of in- 
clusions are to be seen supra vitam in the spermatogenic cells 
especially. The requisite organ should be dissected out in appro- 
priate salt solution (§ 592) and after teasing, if necessary, 
mounted in a hanging drop preparation. (See Gatenby, Proc. 
Royal Society of London, Vol. 104B, 1928 ; R. N. Mukerji, 
Joum. Royal Microscopical Society, Vol. 49, 1929 ; and H. Herbert 
Johnson, Zeit fur. miss. Zool, Vol. 140, 1931.) The reader 
should refer to various papers now appearing on the phase contrast 
microscopy of the cell. 

The appearance of living cells may be compared with the 
images got with Weigl, Kolatchew and Flemniing-without-acetic 
acid, or Champy iron-alum hsematoxylin slides. In vertebrate 
cells it is less easy to identify these inclusions in the living cell, 
but the regions which impregnate or stain with the methods 
described in this chapter may be ultra-centrifuged into distinct 
layers. For the ultra-centrifuged Golgi bodies, etc., of Sporozoa, 
see Miss M. Daniels, Quart. Journ. Mkr. ScL, 1937, 
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891. Methylene Blue and Neutral Red. More or less closely associated 
with the Golgi apparatus, or its dispersed dictyosomes are various types 
of actual granules or vacuoles, usually secretion precursors. In nerve 
cells of the kitten, granules which stain energetically in neutral red 
have been centrifuged away from the apparato reticolare interno ” 
and the two are not identical (R. Brown, Quart, Journ. Micr. Sci.). 
The same certainly applies to the Y-granules or rubrophile granules of 
annelid and insect germ ceils (Gatenby, Ibid,), More recently L. G. 
Worley and E. K. Worley (§ 380) have claimed that methylene blue 
vitally stains the Golgi apparatus. In the common test object, the 
spermatocytes of Helix aspersa, Gatenby and Moussa, Nature, 1948, 
find that intra-vitally methylene blue becomes segregated into globules 
few in number, but never stains the Golgi apparatus or mitochondria. 
But supra-vitally and at near lethal concentrations, numbers of 
segregation granules collect in and around the region of the Golgi 
apparatus. Some cells in sublethal or lethal concentrations of the dye 
have mitochondria beautifully stained, the Golgi dictyosomes more 
rarely being found stained. Both neutral red and methylene blue are 
capricious and may stain different things in different cells. 


892. Advances in Technique since 1937. Except for the Phase 
Contrast Microscope there were no notable advances in technique 
during the eleven years since the tenth edition. Routine methods 
for displaying the Golgi apparatus and mitochondria remain 
the same. The Phase Contrast Microscope is certain to play its 
greatest part in this field of the cytoplasmic inclusions and in 
protozoology, mainly from the living and experimental aspect, 
for this new optical system shows no more than can be seen in 
a good chrome osmic preparation. But the phase contrast picture 
will set a definite standard of the validity of form and size of 
various fixed cytoplasmic and nuclear bodies which can now be 
studied more easily in the living cell. Apart from the phase 
microscope, the newer polariscope microscopes (Monnd, Proto- 
plasma, 1939), and absorption spectography (Casperson, Journ, 
Boy. Mic, Soc., lx, p. 1940), possibly also the electron and 
fluorescence microscopes offer new fields. The investigator should 
have available a good series of fixed and stained cytological 
preparations of the particular material being studied, because no 
optical system per se, is in itself sufficient. 


If the writer was asked what is the most important instrument to 
have in a laboratory in which the type of work described in this chapter 
is being carried out, the answer is undoubtedly not a phase contrast 
microscope but some form of ultra centrifuge. It is regrettable that 
papers on cell inclusions are stiU being published which do not include 
experiments with one of these cheap but very effective instruments. 


893. The Zernicke, Phase Contrast, Phase Difference or Phase 
Microscope. Previous to the introduction of the Zemicke micro- 
scope a good deal could be done with living cells by shutting the 
substage iris diaphragm so as to produce a narrow cone of light, 
or by adjusting the substage condenser. In these cases, the full 
resolving power of the objective was not attained, and the method 
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was never satisfactory for chromosomes, but was useful in cell 
inclusion work in favourable material like insect and mollusc 

cells, . 

The Phase Difference or Contrast system was first suggested bv the 
Dutch physicist F. Zemicke, and developed by W. Loos in the 7 e£! 
^"iorks. In England, the U.S.A. and Italy, microscopes with this fitting 
are being manufactured (see Frontispiece). There is an etched or bloomed 
phase ring or a straight scratch set above the upper lens in the obiective 
and a corresponding straight slit, or circular aperture to admit strone 
light below the subside condenser. In each case the tube or line of light 
which must be very bright is brought into juxta-position with the phase 
ring or bne in the objective. It is said that a skilled amateur micro- 
scopist could naake a phase ring by etching to the correct depth wSh 
hydrofluoric amd— a previously waxed round glass slip, which had the 
wax scraped off it on a. suitable round table to expose the |lass circle 
pie commercial article is said to be made by blooming with a mSc 
bornbardniem in vacuo, the unwanted metallic film being subsequently 
scraped off leaving the phase ring. The scratch line or etched circle 
pcording to rts optical characteristics, should advance or retard the 
light wavelen^h by 90“. When all the secondary spectra as a whole 
are retarded m phase by 90° with respect to the central nuU order 
maximum transmission, thicker or more refractive parts of the obieet 
appear darker. Actually they become blue to blue black in colom 
prase disp which reverse this contrast cause a refractive granule to 
appear white and its cytoplasmic surroundings darker. Those who 
tone to read an attempt to explain the phase microscope taTsinmle 
manner may refer to Akthue T. Brice’s Fiat, No. 10S9 Re^rt A 
knowledge of vector analysis in optics is necessary. The S^ht 
line etch should be more easily made than the circle, but is not’ so 
effacwnt; by the time this book is in print suitable phase rings for 
insertion into standard lens will, it is hoped, be cheap articles Xm- 
merce. The arrangerpent of a suitable substage circle of light sbnnM 
not be difficult. In an Ameri^ prototype of thrieiss ffisteuSt 
provision is made in the objective for changing phase rin»s of different 
optical properties. This should much increase the useffib^ifS the 

V re^er .should consult a recent paper by Kempson Baker 

and Thomas, Q. J. M* iS., 1948. vLh.vj.rwjN, ijakek 

In effect, the phase contrast system shows the living Golgi 
apparatus and mitochondria of such a classic object as Helix • 
spermatocytes as if they were stained in a blue black dve The 
acrosome bead is black. Flagella and cilia are black, J also are 
bacteria. On focussing towards a granule or bacterium one first sees 
a white extrafocahimage of the object, which then becomes dark 
when m complete focus ; passing through the object, one again 
fo^ssed the extrafocal image. This is to say, that granules fn a 
cell, which are just out of focus look like vacuoles. Once this 
peculiarity is understood, no mistakes should be made by a 
ojtologist properly acqumnted with the fixed and stained cell bems 
studied. The actual shape of a very small intracellular body 
can be ascertained more accurately by means of the phase micro- 
Scope than with the ordinary microscope. 

It is our experience that in such difficult studies as the sper- 
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matogenesis of Lumbricus it is insufficient to use the phase 
contrast alone, fixed stained preparations being quite essential. 

It is a peculiarity of the phase contrast microscope that the 
objects for study in a living condition must be transparent, or 
must have a very thin and transparent cell wall. Thick objects 
like pieces of living mouse pancreas, large Protozoa such as 
Actinosphaerium, thick cells like neurones, most higher plant 
cells, are not favourable objects for study. Sputa, fasces and 
blood films, flattened amoebae, bacteria, salivary corpuscles are 
the best ob jects . Some quite thick organisms such as Paramoecium 
are very good and can be focussed right through. Wandering 
cells from tissue cultures, and insect germ cells are excellent. 
Chromosomes of germ cells of various animals appear bluish, but 
those we have seen are never as black as the Golgi bodies and 
mitochondria. Body fluids show sometimes as a light rose tint, 
instead of being transparent as under the ordinary microscope. 
Contrary to what has been stated it is not necessary to have 
the cells in a single layer, but is desirable because of the extra- 
focal images. It is quite possible to observe deep layers in a 
spermatocyte or spermatid morula in the earthworm, but it is 
better to tap the cover-slip to distribute the cells. 

The layers in ultra-centrifuged cells can now be studied well in 
the living condition, as also vitally stained cells. While the phase 
contrast microscope will find its greatest application in the study 
of living cells, it is useful on lightly stained fixed sections, especially 
with transparent stains like Mayer’s acid haemalum. Cells or 
frozen sections exposed to osmium tetroxide vapour are good 
objects to study, and the frozen section method will be helpful, 
perhaps crucial study of fixation and penetration problems. The 
Zernicke microscope rarely gives a clear differentiation between 
the numerous types of granules in a cell. This differentiation, 
can usually be obtained by fixing and staining, and the phase 
microscope as it is to-day will not supersede the older cytological 
methods in such cell problems. It is an adjunct to and not a 
successful substitute for careful study of cells by recognised 
cytological methods. For example, with it one cannot see the 
Golgi network of the Gasterosteus oocyte, which can be centrifuged 
to one side with the ultra-centrifuge, and which cannot be an 
artefact. 

894. Refer to Zernicke, Handelingen xxiv Nederland. Natur — en 
Geneesk. Congres, April, 1933, Monthly Notices, R. Astronom. Soc., 
xciv, 1934, Physica, 1, 1934, ibid,, 1942, Arthur T. Brice, Fiat, Final 
Report, 1059, 1947 ; E. W. Taylor, J. B, M. S,, Ixvi, 1946. 

895. Methods for Cytoplasmic Inclusions (General). The mito- 
chondria and Golgi apparatus never clearly appear in stained 
sections prepared by such methods as fixation in corrosive acetic, 
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Gilson, }3ouin, Carnoy or Flemming-with-acetic acid, and staining 
in Elniields h?ematoxylm and cosin, toliiidin-bliie and eosin, 
paracariniiie and borax carmine. Though the mitochondria 
and Golgi apparatus are properly fixed by formalin, Muller, 
Flemming- without-acetic acid,. Chanipy, Altinami, etc., they 
will rarely appear visible in stained sections which have been 
prepared in Ehrlich’s or Delafield’s hasmatoxylin or carmine 
stains, or in hict with any of the current laboratory stains used for 
general zoological purposes. The mitochondria and Golgi appa- 
ratus may appear visible in sections fixed in formalin, Miiller, 
etc., and stained in Altmann’s acid fuclisin-picric acid, iron- 
hjematoxylin, Benda’s alizarin and erystal-violct, etc. The Golgi 
apparatus rarely becomes visible after any of the above methods, 
and to study it one must use more specialised methods ; to 
study the Golgi apparatus and the mitochondria by routine 
zoological laboratory technique is not possible, 'simply because 
these methods will not demonstrate the bodies in question. 

Nearly all of the older fixing mixtures contain either alcohol, chloro- 
form, or acetic acid, but the last few years of cytological research 
have shown that the picture given by a fixing mixture containing 
them is incorrect and inadequate, and one cannot fail to be surprised 
at the improvement produced when these reagents are omitted. Nearly 
all modern research on the cytoplasm has to be carried out by using 
chrome formalin or osmium fixatives, follo’wcd by iron-alum hrema- 
toxylin, Benda’s crystal-violet, or Altmann’s acid fnchsin ; or by the 
important Kopseh and Mann-Kopseh, and Ludford osmium tetroxide 
methods ; or by the useful methods of Cajal, Golgi or Da Fano’s 
modification of Cajal, and Aoyama, which consist of silver nitrate 
impregnation following formalin fixation. Intm-vitam methods, such 
as Janus green, neutral red, or dahlia violet, are also used extensively. 
The mitochondria are extremely fuchsinophile, and after chrome- 
osmium fixation stain strongly in iron-alum hjematoxylin. Tlie Golgi 
apparatus of somatic cells and of ovarian cells rarely stains by these 
methods (Altmann or Heidenhain) unmodified, although the Golgi 
apparatus of the male germ cells nearly always stains in fuchsin or 
hasmatoxylin after chrome-os'mium or formalin fixation. 

In Chapter XXVII, and § 939 below are special articles on fats, 
and on methods for their study ; on the following pages are set 
forth various techniques for the investigation of definite cell organs 
known to be partly lipoid in nature. The application of all these 
methods to embryological study opens the way to a valuable field 
for research. Fats or lipoids form a special part of almost all cell- 
organs, as seems to be indicated by fixing tests, and so far as we 
know such substances are always intimately associated with 
protoplasm. Many of the lipoids appear to be able to form with 
certain metallic salts or oxides such as CrOg, K 2 Cr 207 , PtCl^, 
OSO 4 , etc., compounds insoluble or only slowly soluble in alcohol 
or such clearing oils as xylol, benzol, or chloroform ; this is one of 
, the several reactions Which take place when a cell is fixed in such 
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a fluid as that of Flemming (without acetic acid), Champy, or 
Altniann, and subsequently dehydrated and cleared. 

896, Choke of Method.* We have given below a number of 
methods for lipoid granules, mitochondria, and other cell inclu- 
sions, and not all are suitable for every piece of work. It is very 
rare to find that one single method -will produce the same good 
result in both vertebrate and invertebrate tissues. In the same 
way, methods which act satisfactorily with amphibia will often 
give disappointing results with mammalia. 

Osmic-chrome fixation will nearly always be found excellent for all 
classes of invertebrata ; Flemming-without-acetic acid and Champy- 
Kull can be highly recommended. For amphibia the addition of some 
KgCr^O^ to the Flemming is necessary before a correct fixation of the 
mitochondria is obtained ; thus Champy’s fluid was^ invented for 
amphibia and gives very satisfactory results (§ 52). For mammalian 
tissues a preliminary fixation in osmic acid fixatives is not generally 
indicated ; the tissues of mammals are far more fatty ” than those 
of invertebrata or amphibia, and one finds that the OsO^ becomes 
reduced very rapidly and penetration is very poor. For mammalian 
tissues formalin-chrome (Regaud, Bensley-Cowdry), formalin-corrosive 
or formalin alone are indicated as a preliminary treatment. Formalin 
does not destroy lipoids, and by subsequently placing small pieces of 
chrome-formalin fixed tissues in osmic acid (post-osmication), a fixation 
of lipoids and fats is obtained (Schridde) ; the same result may be got 
by fixing tissues in chrome salts and then transferring the osmic acid. 

It should be noted, however, that previous fixation in a chrome salt 
often prevents the blackening of the Golgi apparatus unless the chrome 
salt is well washed out of the tissues, and the osmieation is prolonged ; 
the methods of Nassonow’’ and Ludford should be used when an im- 
pregnation of the Golgi apparatus is required by means of an osmic 
method, but the formalin silver nitrate methods of Aoj^ama and Da 
Fano are always clearly indicated for work on the Golgi apparatus of 
mammalian tissues. Fixation of tissues in the fluid surrounded by 
crushed ice should be tried. So far as possible intra vitam and fresh 
smear preparations should be used, as these nearly always give valuable 
■" results. ■■ ' ■ ■ ■ 

Sakae Saguchi {Cytological Studies ^ 1949) recommends a tem- 
perature of C. for the usual fixatives for mitochondria and 

Golgi apparatus. The wash out (aq. dest.) should also be at the » 
same temperature. He recommends the silver bath at 34° C. 
Similarly try cold Mann-Kopsch followed by osmieation at 34° C. 
for two or three days. Post-chroming should be at 6°-10° C., 
wash out at same temperature. Saguchi insists that cold fixation 
and wash out are indispensable for the best preparations, avoiding 
much solution of cell contents, which occurs at room temperature. 
Refer to § 666. 

897, Specificity of Techniques for Cytoplasmic Inclusions and Fats. 
As a rule the lipoid granules, vacuoles, and ceU organs containing 

* The beginner is recommended to master such techniques as those of 
corrosive acetic and borax carmine, or Zenker and Ehrlich’s hsematoxylin, 
before trying these methods. See Chapter IdV, § 1438. . » 
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fats arc formed, not one of pure substance, but of a mixture of several. 
Consequently it is necessary to proceed with caution in claiming a 
specifieity for the techniques for various lipoid substances : properly 
iised, however, these methods may give valuable evidence as to the 
precise nature of any special body : micro-chemical methods, which 
depend for their application on the use of complicated fixing and 
staining methods, are to be used cautiously. For example, Benda 
(§ 907) and Aitmann-Bensley methods (§§ 904, 911) will stain granules 
other than mitochondria, while the Cajal formalin uranium and silver 
nitrate technique impregnates bodies apart from the Golgi apparatus. 
In all these cases, however, the number of exceptions is small, and 
suitable differentiation between two doubtful bodies can be made by 
some other method. 

Over-impregnations or impregnations done with disintegrating or 
unsuitable osmic or silver nitrate fluids produce preparations in which 
not only the mitochondria but even cell walls and nuclei are more or less 
blackened. It would be incorrect to state that only experienced tech- 
nicians are able to work these methods so as to get the degree of 
specificity expected by those who use these methods for research work. 
In molluscan gonads, the tissues of young mammals, insect gonads, 
etc., perfectly good preparations may be made by beginners, and the 
degree of specificity (which is quite considerable) judged. 

898. On Killing Animals for Cytological Purposes. So far as 

possible avoid narcotics of any sort. Either cut off the heads of 
invertebrates, or; if delicate like some worms, drop them whole 
in the fixative ; kill vertebrates by a blow on the head, or by 
pithing. If for a study of brain, bleed, or anaesthetise in coal gas, 
less preferably chloroform or ethez\ Insects can be killed with 
cyanide or xylol. 

Hints on removing Tissues and Cutting. Avoid pinching the material 
with forceps, as this is said to introduce artefacts ; it is preferable to 
remove tissue without recourse to dissection under tap -water or salt 
solution ; for Kopsch techniques, quickly remove blood or lymph, etc., 
from surface of material with aqua dest. before placing in fixer ; for 
cutting tissue the best instrument is a new safety razor blade stuck in 
a special holder made for the purpose, or in a split penholder, or held 
by artery forceps (see also § 8). When working on arthropods, it is 
best to dissect the organ from the animal, instead of preserving the 
whole body ; surrounding fat, etc., should be removed. See also 
§§ 10, 780 eUeg. 

It has been known since the silver nitrate formol methods 
were invented that cells of young animals impregnate better 
than old cells. The Golgi apparatus in neurones of old cats and 
rabbits will be found to be broken up partly and to have formed 
bodies which are probably in part the basis for fat and neutral 
red stained bodies which various authors have described. This 
applies especially to neurones of the sympathetic system in 
which senescence changes can be very marked in young adult 
animals. 

899. Washing Out for Cytological and Histological Purposes, 
The beginner is often puzzled by the problem of how long to wash 
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out after fixatives . Elsewhere (§ 46 et seq, ) we have mentioned that 
usually picric and corrosive material is washed out in alcohol 
whereas chrome fixed tissue is treated with tap-water. This is 
not all, however, md the washing out will often be found to have 
important results on the subsequent staining ; e,g. small animals like 
daphnids (opened), fixed in Champy’s fluid overnight, must only be 
washed out a few minutes, or under an hour. If such washing is 
prolonged too much, the subsequent haematoxylin stain will be a 
failure, because it seems necessary to leave some chrome^osmium 
in the tissues to make staining a success (§ 901). Larger objects, 
or objects left for days or weeks in chrome or osmium,’ can be 
washed out overnight or longer. This hint with regard to failure 
to stain properly in haematoxylin or fuchsin may enable the 
beginner to trace the fault to its source. Often, however, the stain 
itself is bad. 

Washing is best carried out under the tap by covering the 
vessel with gauze, held on by a rubber band. Minute objects wash 
out more quickly and can be done by changing distilled water by 
means of a pipette until the objects are properly washed. 

900. Difficulties and Faults in Techniques for the Cytoplasmic 
Inclusions. It is important for beginners not to leave out the 
Aoyama or Da Fano methods in favour of the Weigl or Kolatchew : 
the reason for this is that failure of the latter methods (so far as 
the Golgi apparatus is concerned) is sometimes complete while 
the preparations may appear quite good. Failure may be brought 
about by various factors; some we understand partly, some 
not at all. For example, occasionally specimens of commercial 
osmium tetroxide will not impregnate the Golgi apparatus ; in 
some cases this is caused by not washing out the chrome fixative 
sufficiently ; but this is not the only cause, as in Weighs corrosive 
sublimate method failure is also sometimes complete. Therefore, 
as a control on these osmic methods, Aoyama or Da Fano methods 
should be used. 

It should be unnecessary to point out that the pieces, or animals 
used, should not be too big, and the dishes, capsules or phials should 
be properly cleaned. When washing out tinder the tap it is necessary 
to make sure that the water will run overnight. One cannot counter- 
stain osmicated preparations of the Weigl or Kolatchew type unless 
one has carefully treated the sections in permanganate of potash and 
oxalic acid, or in hydrogen peroxide. One may, of course, stain the 
nuclei in acid neutral red (§919), but one cannot stain the mitochondria 
properly unless bleaching has been done. It is possible to get interesting 
preparations from pieces of animals which have been killed for dis- 
section, but one cannot depend on such material for research work. 
For the best results animals which have just been killed without ether 
or chloroform should be used. 

For studies on the cytoplasmic granules, and in protozoology we 
believe that the ultra-centrifuge is indispensable. The Phase Contrast 
Microscope is less valuable but still desirable. It is better not 
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to take up the study of granules in cells or Protozoa, unless 
it is possible to have some material ultra-centrifuged. Sometimes 
one can make quite good preparations of mitochondria and 
Golgi bodies from material which has been fixed in 10 per cent, 
formalin and left in it for months. But if the formalin has dis- 
integrated badly, such material is useless. In the formalin silver 
methods, fresh formalin, and newly -made solutions of silver 
nitrate, and new reducer are recommended. The commercial 
formalin used for museum work, and sometimes supplied in 
laboratories, is not good for cytology. For some reason old 
solutions of silver nitrate will not always work properly. Old 
reducer is useless. It should be remembered that there is no recog- 
nised intra -vital stain for the Golgi apparatus. The globules 
which someiimes stain up with neutml red and methylene blue are 
not necessarily the Golgi apparatus. It is much better not to 
endeavour to investigate the cytoplasmic inclusions of Protozoa 
until one has had some experience with Metazoa. It is safer to 
study some vertebrate and mollusc or insect material first. It 
should be noted that in many cases both mitochondria and Golgi 
bodies can be seen in the living cell {e,g, mollusc or insect germ 
cells) — this will be the surest index of their actual shape and size. 
Living cells are best examined in the natural fluid of the animal, 
but if this is not possible, refer to § 592, where various suitable 
media are mentioned. 

901 . Chrome-osmium Techniques. Potassium bichromate or 
chromium tidoxide, used in watery solutions, will not alter 
true fats in such a way that full vacuoles of the latter will 
appear in finished sections prepared by routine methods ; but 
combinations of such salts with osmium tetroxide provide 
fixatives which will preserve almost ail cell elements in finished 
sections. It should he carefully noticed that the long osmication 
of the Weigl-Kopsch method will not always prevent fat globules 
from being dissolved out by xylol and alcohol used for clearing and 
mounting.% Such preparations when being used for studies of fats 
must be cut frozen and mounted in Farrants’ or some such 
watery medium (see Miss J. C. Hill, Archiv, f eseper. Zellf,, 
1936, and T. J. Macdoucald, ibid,). 

The basis of all chrome-osmium techniques consists in a preliniinary 
fixation of small pieces of tissue, small embryos or eggs, in such a fluid 
as Benda, Champy, Flemming-without-acetic acid, or Altmann, for 
from at least twelve hours to a week. The osmic reaction is then, in 
some methods (Kull, Benda), ‘‘set” or strengthened by the reducing 
effect of pyroligneous acid; following this treatment is a further 
“ chroming ” in 3 per cent, bichromate of potash, and, finally, a 
thorough wash out under the tap. Material treated in this way is 
generally perfectly preserved, and fit for selective staining. Arranged 
below are chrome-osmium techniques of progressive intensity and 
difficulty. f ■ ■ 



902. Modified ‘‘Flemmings” for Cell Inclusions. Benda: 
15 c.c. chromic acid 1 per cent., 4 c.c. osmic acid 2 per cent., 3 to 6 
drops of acetic acid. Meves : 15 c.c. of chromic acid of 0*5 to 1 per 
cent., containing 1 per cent, sodium chloride, with 3 to 4 c.c. of 
2 per cent, osmic acid, and 3 to 4 drops of acetic {Enzyk, mik, 
Techn., 1910). Strong Flemniing-without-acetic acid ; and same 
solution diluted by one-half or one-third (Gatenby, Quart, Journ, 
Micr. Sci.y 1919). The presence of a small quantity of acetic acid 
is always liable to introduce distortion, but less so among verte- 
brates than among invertebrates. 

For a discussion on priority of this method see J. Bakeb, “ Cyto- 
logical Technique,” p. 99 and § 50 in this book. 

903. Flemming’s Strong Fluid without Acetic Acid, and Iron 
Haematoxylin. Small organs freshly dissected out in normal saline, 
or parts of organs cut with safety razor blade, not more than 
1 mm. in diameter, are placed in about 15 c.c. of one of the above- 
mentioned fixing fluids. A glass-covered capsule or vial is 
the best vessel to use, and the material is left for at least twenty 
hours, and not longer than one week. We find about twenty-four 
hours gives a satisfactory fixation of most tissues. After fixation 
the liquid is poured away, and the material is washed for at 
least two hours, and not necessarily longer than five, in running 
tap-water. It is then passed through up-graded alcohols, 
beginning at 30 per cent., giving the material at least three 
hours in the strengths 30, 50 and 70 per cent., and overnight 
in 90 per cent. The pieces of tissue are dehydrated two or three 
hours in two changes of absolute alcohol, and then transferred to 
a mixture of half absolute alcohol and half xylol for a quarter of 
an hour ; then pure xylol, and imbedded in wax. Sections are 
cut from 4 to 8 ju,, but we generally find 6 /x to be convenient. 
Leave eight to ten hours in iron alum, twelve to twenty hours in 
hmnatoxylin. The most convenient method is to leave all day in 
alum, and overnight in haematoxylin, differentiating next morning. 
This method gives a delicate and precise stain of the mitochondria 
(and Golgi apparatus or nebenkern batonettes of male germ-cells 
only), fatty yolk is black, while yolk is generally greenish-brown. 
Especially recommended for germ-cells, and histology of Inverte- 
brata, but with vertebrate tissues, and especially mammalian 
material (not embryos), it often gives poor results ; for such 
material, Altmann, Helly, Zenker, or Regaud’s methods are 
indicated (Gatenby, Quart, Journ, Micr, Sci,, 1919), or fix them 
in salt Flemming § 50. 

Note that Flemming- without-acetic acid is not a suitable fixative for 
after-staining in Altmann’s acid fuchsin. For this the material must be 
washed in distilled water for a short time after fixation, and then 
transferred to 3 per cent, bichromate of potash for three days ; or the 
more elaborate mordanting as for Champy-Kull may be used (§ 905). 
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904. Altmann’s Acid Fuchsin and Picric Acid [Die Ele- 
me?ifarorgamsmen, Leipzig, 1890). Fix twenty-four hours in 
mixture of equal parts of 2-5 to 5 per cent, bichromate of potash 
and 2 per cent, osmic acid. Imbed in paraffin, stain sections on 
slide for one minute over flame, with a solution of 20 grm. of acid 
fuchsin in 100 c.c. of aniline oil-water. To make, add oil to water 
till no more dissolves, shake vigorously, filter. Cool, and wash 
out in a saturated alcoholic solution of picric acid diluted with 
2 volumes of water, heat being used as before to aid differentiation ; 
blot, dip into 90 per cent, or absolute alcohol, xylol, balsam! 
This method only stains granules which can be seen intro, vitani • 
properly used it never produces artefacts, and Fischer’s critique 
IS quite wrong {Fixirung Faerbvng u. Ban des Protoplasmas). 
Altmann’s original method has been superseded more or less bv 
the following methods of Chainpy-KuH, or Severinghaus. 

For Champy-KuU after Altmann fixation proceed as in § 905 
from No. 1 onwards. The differentiation in picrid acid is cut out! 
and after quick washing in aq. dest. you proceed to toluidin 
blue and aurantia. This is a fine stain. We think Bensley- 
Cowdry methyl green, § 911, easy and excellent and quite adequate 
tor most cytologieal work. 

905. Champy-Kull’s Acid Fuchsin, Toluidin Blue and Aurantia 
(Kull, Anat. Anz., Bd. xlv, 1913). The following method, while 
being generally useful, will be found very convenient for work on 
Invertebrata. It gives results intermediate between those of 
Benda and Altmann, but is shorter and undoubtedly better than 
the method of Benda. It will be found very useful for embryo- 
logical research, and probably also for protozoology. Fix in 
Champy (§ 52) (we find Flcmming-without-acetic acid will do too) 
for twenty-four hours. Pieces to be fixed must be small. After 
fixation wash half an hour in aq. dest., and then transfer to a 
mixture of 1 part acid acet. pyrolignosum rect., and 2 parts 1 per 
cent, chromic acid, for twenty hours. Wash half an hour in aq. 
dest and transfer to a 3 per cent, solution of potassium bichromate 
for three days. Wash under tap for twenty-four hours ; pass 
through up-graded alcohols to xylol ; imbed in paraffin wax (or 
celloidm method, if desired). Section 4 or 6 ja. Proceed as follows : 
(1) Stain in Altmann’s acid fuchsin anilin oil mixture (5 to 10 grin, 
of acid fuchsin in 100 c.c. of anilin oil-water), and heat till steam- 
ing. (2) Set slide aside to cool for six minutes (this is important) 
pour off, and wash quickly in aq dest. (3) Counter-stain in either 
a 0 5 per cent, solution of toluidin blue or a saturated solution of 
thioiun m aq. dest. for one to two minutes. Wash in aq. dest. 
m some cases the time in the blue stain must be shortened. 
Transfer to a 0-5 per cent, solution of aurantia in 70 per cent, 
alcohol for from twenty to forty seconds, watching extraction of 
fuchsin stain under microscope. Differentiate the blue stain in 
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96 per cent, alcohol, then absolute, xylol, and balsam. The 
chromatin is generally blue, mitochondria (and occasionally Golgi 
apparatus) are red, and the ground cytoplasm is golden-yellowish 
to green. This modification of Altmann’s method is a most 
brilliant three-colour stain which is highly recommended. We 
have found that it is useful for histological as well as cytologicai 
purposes ; sections of Annelids, or of flat-worms, for instance, 
prepared by Champy-Kull show beautiful colour gradations in 
their different tissues. The preparations begin to fade after a 
year. 

After Champy-Kull fixation you can: (a) stain in iron hsema- 
toxylin (long method, § 903), (b) stain as for Benda (§ 907), (c) mount 
unstained for examination of osmicated granulations, (d) stain in 
safranin and light green (§ 366). For a chart illustrating Champy-Kull 
technique, see below. 

Maximow (C. R. Soc. Biol., Paris, Ixxix, p. 462) fixes in Champy, 
washes slightly in water, transfers to mixture of 1 per cent, chromic acid 
1 part, glacial acetic 2 parts, for twenty-four hours. Wash again for 
half an hour, place for three days in 3 per cent. KaCrgOy. Wash in 
running water. Stain sections as above. 

Severinghaus fixes in a modified Champy as used in the Nassonow- 
Kolatchew technique (§ 923), stains in Altmann’s acid fuchsin as above, 
rinses, leaves for thirty minutes in 1 per cent, phosphomolybdic acid, 
and thence without rinsing into Masson C for one hour, differentiates 
rapidly in 95 per cent, alcohol, then clove oil and absolute alcohol. 
Masson C is 1 part of 1 per cent, acid fuchsin, '2 parts of 1 per cent. 
Ponceau Krall. This, according to Masson, must be acidified by acetic 
acid, about 1 per cent. For further notes on this stain, see Foot 
(Stain Tech., viii, 1933). The exact composition of Ponceau Krall is 
not known. Lillie (Stain Tech., xv, 1940) says other stains can be 
used which are better. According to Langeron, Les resultats sont 
magnifiques ! ” For Severinghaus see Anat. Record, liii, 1932. 


906. Champy-Kull Fixation (Germ-Cells) 


Subsequent 

method. 

Mito- 

chondria. 

Fat. 

Yolk. 

Golgi apparatus. 

Nucleus. 

Mount unstained . 

Yellowish. 

Black (extract- 
able in tur- 
pentine). 

Yellow 
to black. 

Yellowish or does 
not show. 

Yellowish. 

Champy-EuU stain 

Red or 
pink. 

Black. 

Yellow, 
to black. 

Generally will not 
show in soma- 
1 tic cells or 
ovaries, red in 
male germ cells. 

Chromatin blue 
to greenish (nu- 
cleolus red). 

Iron hematoxylin 

Black. 

Black, pro- 
vided it has 
not been ex- 
tracted in 
turpentine. 

Same as 
above. 

Same as above, 
but black in 
male germ cells. 

Chromatin, grey 
to black (nu- 
cleolus black). 

Benda stain (alizarin 
and crystal violet) 

Violet. 

Same as above. 

Same as 
above. 

Same as above, 
but violet in 
male germ cells. 

Chromatin brown 
or yellowish 

(nucleolus vio- 
let). 


907. Benda’s Alizarin Method (Ergebnisse der Anat., xii, 1902 (1903,) 
p. 752, and other places) is as follows : Harden for eight days in strong 
liquid of Flemming, the acetic acid therein being reduced to 3 drops 
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909. ReCxAUd’s Formol-Bichromate and Iron Hsematoxylin'^ 
{Arch. d^Anat micr., t. xi, 1910). Fix in a mixture of S per 
cent, potassium bichromate 80 volumes, commercial formalin 
20 volumes, for four days, changing every day. Mordant in 
potassium bichromate for seven days, changing every second 
day. Wash in running water twenty-four hours, dehydrate 
(twenty-four hours each strength), clear and imbed in paraffin. 
Pass sections on slide down to water ; 5 per cent, iron alum at 
35° C. for twenty-four hours ; rinse in aq. dest., not tap-water. 
Stain twenty-four hours in this solution : — 1 grm. of pure crystals 
of hsematoxylin in 10 c.c. of absolute alcohol, added to 10 c.c. 
of glycerine and SO^c.c. of aq. dest. Differentiate in 5 per cent, 
iron alum, watching process under microscope. The main point 
is to avoid washing out the mordant too much when the slides 
are being transferred from the iron alum to the hsematoxylin. 
Permanent stain, very good for vertebrate tissues. See also 
CowDRY, Amer. Journ. Anat,, xix, p. 441. We find ordinary iron 
hsematoxylin is quite good- after Regaud fixation. 

910. Kruozynskrs t Mitochondrial Method. This simple method has 
been found useful by Miss J. C. Hill (Arch.f. exper. Zellf., 1936). Fix 
in Cajal’s fluid overnight, or a shorter period for more delicate material. 
Transfer to 5 per cent, bichromate for three days, wash out under tap, 
imbed, section in wax and stain in ordinary iron-alum hsematoxylin. 

911. Bensley-Cowdry Add Fuchsin and Methyl Green Stain 
(CowDRY, Contrib. Carnegie Inst. Wash., viii, 1018). Fix as for 
Regaud, either by immersion or injection; formalin should 
be neutralised in magnesium carbonate, and, if possible, the 
fixation should be done in an ice-box, but this is not necessary. 
Pass sections down to aq. dest. through toluol (or xylol), absolute 
alcohol, etc., thirty seconds in each ; transfer to 1 per cent, 
potassium permanganate for thirty seconds, but time must be 
determined experimentally ; then 5 per cent, oxalic acid for 
thirty seconds. {Note, — The permanganate and oxalic acid 
may possibly be omitted.) Then rinse in several changes of 
aq. dest. for about one minute (incomplete washing prevents 
staining in acid fuchsin). Stain in Altmann’s fuchsin (§ 904) 
as follows : dry around sections with duster, add stain, warm 
over spirit lamp until fumes come off ; cool for six minutes ; 
wipe around sections with duster, rinse off in aq. dest., so that 
the only remaining stain is in the sections (or a precipitate 
forms with the methyl green) ; pipette a little 1 per cent, methyl 
green over the sections for about five seconds at first, modify 
time as experimentally found convenient ; drain off excess, 
plunge into 95 per cent, alcohol for a second or two. Rinse 

* The reader should note that Ciaccio’s bichromate formalin formic acid 
method closely resembles that of Regaud (§ 989). 

t Compare Benoit fluid, § 916. 


402 QOLGl APPARATUS, MITOCHONDRIA, ETO. 

in absolute alcohol, clear in toluol, mount in balsam. Difficulties 
are that the methyl green may remove the fuchsin (due to 
incomplete chrome mordanting during fixation), or the fuchsin 
may have overstained (due to too much mordanting). Some- 
times, if the methyl green is too weak, it is better to omit the 
95 per cent, alcohol, dehydrating in absolute. The difficulties 
of this modification of Altmann’s stain are easily overcome; 
we have used it for a senior histology class, and with success. 
Like the Champy-Kull method, this stain is not so permanent as 
iron hsematoxylin. See also Bensley, Amer. Journ, Anat., xii 
p. 308 ; Duesbeeg, ibid., xxi, p. 469. ’ 

Acid violet may often be employed in place of methyl crreen 
particularly in the study of the hypophysis (Bailey, Journ. %Ied. 
.Bcs., 1920, xlii, p. 353). The mixture is ; 

Acid violet. . . . . . 1 grm. 

10 per cent, sulphuric acid . . . 2-5 drops. 

Aq. dest. . . . _ _ _ jqq ^ 

The acid should be added drop by drop until the stain reaches 
the desired intensity. 

912. ScHRiDDE’s Method for Mitochondria, modified (Erseb. 
Amt. u. E. Merk. Bonna, xx, 1911). Fix in this mixture- 
formol (1 part), Muller (9 parts), for two days ; then place in 
Muller, two to four days ; then 2 per cent. OSO 4 , for two days 
Wash overnight, dehydrate, clear in xylol, cut paraffin sections 
5 jx. Stain as follows : iron alum hot for a quarter of an hour 
then heematoxylin hot, - a quarter of an hour. Differentiate in 
alum in the cold. This has the advantage over pure formol- 
chrome techniques in that the introduction of the OsO^ preserves 
fat; recommended by Duesberg. With this mordanting it 
should be possible to stain either as for Altmann, Bensley-Cowdrv 
Champy-Kull, or Benda. ’ 

This method has been found by us to be one of the most useful 
and rehable for mammalian and bird tissues. We find it an 
advantage to bleach sections with 20 parts of H 2 O 2 in 80 parts 
of absolute alcohol. The must be kept in an ice safe, 

because if kept at room temperature it soon loses its oxygen' 
Mter bleaching, Schridde material stains well by the hot alum 
haematoxylin method. 

Levi, G. {Arch.f. Zell/., Bd. xi), ovary of mammals. 

10 c.c. . 2-5 per cent. KjCrjO,. 

10 „ . 5 per cent, sublimate containing 2 c.c. of formol 

2 „ . 2 per cent. OsO^. 

SUia 

913. J. A. Murray’s Chrome-Osmic Method for Mitochondria 
and Bacteria * of MammaUan Tissue. Fix tissue in formol-salt or 
* Compare Gram-Glyn, § 1039. 
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forinol-Muller overnight. Thin slices are then placed in Muller’s 
fluid for from two to seven days, and then transferred to 2 per 
cent. OSO 4 for two more days. Wash overnight in running 
water, dehydrate, imbed in paraffin. Sections to be not more than 
5 ju, thick, fixed on one side, and stained in per cent, iron alum 
at 50° C. for fifteen minutes, followed by | per cent, aqueous 
hsematoxylin in same way and for same time. Sections should 
now be jet black. If such sections be decolorised in the ordinary 
way in iron alum, both mitochondria and bacteria (if present) 
will retain the stain, and nuclei are decolorised. 

If such sections are decolorised in 0-5 per cent. HCl in 70 
per cent, alcohol, the mitochondria give up the lake and the 
bacteria remain deeply stained. At the same time the details 
of the nuclei are sharply stained. Wash sections for twenty 
minutes in tap -water, counterstain in Van Gieson, mount in 
balsam (Report Imp. Cancer Research Fund, 1919). 

914. Double-Staining in Haematoxylin and Acid Fuchsin. It is well 
known that different cell elements have varying powers of resisting 
decolorisation or differentiation after iron alum or such haematoxylin 
stains. Thus in a hermaphrodite gonad or during fertilisation it is 
sometimes noticed that the mitochondria of the egg hold the haematin 
lake much faster than those of the sperm or spermatogenesis states. It 
is possible in certain cases to make use of this fact for studying differen- 
tially cell granules, etc. 

Fix tissue by some prolonged mordanting method^ such as that of 
CMmpy-Kull, or Regaud. Wash out well in running water and prepare 
thm paraffin sections. Stain by some intense hsematoxylin method, 
such as that of Benda or Heidenhain ; differentiate the cell element 
which you wish to be stained subsequently a red colour, till it looks 
pale greyish under the microscope : wash well in water, and counter- 
stain in Altmann’s acid fuchsin. Extract the fuchsin to the right stage 
in 95 per cent, alcohol, quickly dehydrate and clear in xylol ; mount in 
balsam. If necessary, after staining in acid fuchsin, you may apply 
the picric acid of Altmann’s method (§ 904), but this necessitates under- 
differentiation in the iron alum. 

We have found that after staining in the acid fuchsin you may 
differentiate partly in aurantia as for the Kull method (§ 905). 

A method to be tried only by experienced cytologists . The difficulty 
is to differentiate the haen\atoxylin just to the right stage, and to avoid 
washing away the acid fuchsin (Hans Held , Arch. f. mik. Anat., Bd. 
Ixxxix). ■ , ■ 

915. On Post-Chroming and Post-Osmication in General. One 

may fix in almost any formalin chrome or osmic mixture not 
containing alcohol, chloroform and acetic acid. Wash the tissue 
in aq. dest. for a short time (say half an hour or less), cut into 
small pieces, and transfer to 3 per cent, potassium bichromate 
for several days, and then to 1 or 2 per cent. OSO 4 for a day. Wash 
under tap overnight and stain in Heidenhain or an Altmann. 
Thus tissues or embryos fixed in special formol-ehrome, corrosive 
formol, chrome-corrosive, and other mixtures, which one has 



404 OOLQI APPARATUS, MITOCHONDRIA, ETC. 

found niohit suitable for one’s purpose, may be post-chromed oi 
post-osmicated as well. Schridde’s and Murray’s methods (above' 
include both post-chroming and post-osmication. ' 

Chondriome Method. Fix small pieces in 

Benoits nind for four hours (uranium nitrate 4 per cent, aqueous 
4 parts ; potassium bichromate 5 per cent, aqueous, 6 parts ; saturated 
mercuric chloride in saline, 5 parts, 2 per cent. OSO 4 , 5 parts). After 
fixation place for twelve hours in a 3 to 5 per cent, solution of formalin 
in aistilied water, then wash in ordinary water for twenty-four hours 
Upgrade, toluene, paraffin. The sections on the slide are treated with 
xylol, then for five minutes in a mixture of equal parts of 96 per cent 
alcohol and sulphuric ether containing 5 per cent, colloidinl down- 
graded m alcohols, to distilled water. Stain in Altmann\s acid fuchsin 
for thirty minutes ; wash half to one minute in distilled water, then 
live miimtes in an 0*5 per cent, aqueous solution of phosphomolvbdic 
acid. Pass to a 1 per cent, aqueous solution of methylene blue for 
ten to twenty minutes, distilled water for fifteen seconds, then differen- 
tiate in 95 per cent, ethyl alcohol for one minute. Dehydrate in two 
baths of amyl alcohol for five to ten minutes, then equal parts of xylol 
and amyl alcohol~-then xylol and balsam. Mitochondria red, proto- 
plasm bluish-red or grey, coUagen and certain cell granules deep blue 
chromatin grey, bluish or rose, nucleoli bright red. ’ 

^ * Osmium Tetroxide Method (Siizungberg, d. k. preuss 
h 1902). Osmium tetroxide solution will fix 

both fats and hpoids, and proteid substances. As has been mentioned 
m inclusions, such as mitochondria, Golgi appa- 

ratus, yolk and fat, are nearly always mixtures of different quantises 
of several definite substances, and consequently will reduce the osmic 
solution m varying degrees of intensity. Kopsch methods are somewhat 
cpncious, but one gets results unequalled by other metho^ 7 fer 
cffiome-formol, followed by iron luematoxylin, or 
Altmann generally will not demonstrate the Golgi apparatus (except 
m male germ-cells), while the Kopsch methods preserve and demonstrate 

fnd^occ^l^n'^^r^ mitochondria, yolk, fat and chromatin structures, 
and occasionally neurofibrils of embryos. 

dissect out organs, and cut tissue into small pieces • 

^ Wood or ceU detrito from 

cSule oTo SVTo® n*° t ®“'^“.gl*^®:Stoppered or glass-covered 
j ® darkened cupboard for two 

weeks (fourteen days) at room temperature. Wash in^runnino- water 
So,St^m dehydrate imbed in hard wax; section^bolit s m! 

chromatin in safranin or methyl-blue eosin. 

but it invertebrate tissues, 

methods M^nn-Kopsch and Kolatchew 

_ j. . ' (§§ 923 et seq.). Some workers may object to the 

osmic of the Mann-Kopich method, 
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Maian-Kopsch method gives invaluable results. It is an alternative 
to the formalin-silver nitrate techniques of Cajal or Da Fano, 
but in addition preserves fatty substances. 

The Weigl or Mann-Kopsch technique in itself is easy to work, 
but the subsequent steps in staining are often extremely difficult. 
The ordinary Kopsch technique may cause extreme shrinkage, 
and is not generally so specific. First fix in Mann’s osmo-sublimate 
fluid (§ 77) for from one quarter-hour to two or three hours or 
more. Pieces to be fixed must be small (not exceeding a centi- 
metre in diameter) and should only be left in the osmo-sublimate 
long enough to complete the penetration of the fluid. For an 
insect ovary, or small invertebrate, one half-hour is sufficient ; 
for solid tissues like nerve, longer is necessary. 

These times must be ascertained experimentally. After fixation the 
pieces are washed in two changes of distilled water for half an hour or 
less, according to the size of the tissue and its accessibility to the water. 
The pieces are transferred to a glass -stoppered bottle containing just 
enough 2 per cent. OsO^ in aqua dest. to cover them. Then they are 
left in a cupboard at room temperature, for at least ten days, and 
preferably two or three weeks. Every few days the bottle should be 
examined to see whether the OsO^ is evaporating, or whether it has 
completely disintegrated. Should either have happened the pieces 
should be washed quickly in aqua dest., and new OSO4 solution added. 
It should be noted, however, that the osmic solution nearly always 
becomes slightly dark, but not until it has gone black or no . longer 
smells of OSO4 should new liquid be added. When the right period 
has elapsed the objects are taken out of the osmic. 

919. Ludford’s Modification. Experiments have shown that a much 
better impregnation is obtained if the reduction of the osmic 
acid is completed by transferring the pieces of tissue to water 
kept at 38® C. for one or two days before washing in running 
water preparatory to transference to alcohol (50 per cent.). 
They are then upgraded and imbedded in hard paraffin. 
Sections to be cut from 3 to 6 /x. They are stuck on the slide 
with albumen and water in the usual way and dried overnight. 
One of the slides is taken, the wax removed in xylol, and it is 
mounted in xylol balsam. Examination of this slide will enable 
one to ascertain to what extent the process has acted successfully. 
In completely successful preparations the Golgi apparatus, yolk 
and fat alone are blackened, while nuclear organs, mitochondria 
and cytoplasm are stained in shades of yellow and greenish-brown. 
Having studied this xmtreated slide, and noted the extent of the 
blackening effect of the OSO 4 , one may then proceed to make 
experiments. Several alternative methods may be tried : — 

(a) The blackening may be extracted step by step in turpentine or 
better dioxan, and the appearance of the cell granules studied 
at intervals. An alcoholic solution of hydrogen peroxide can 
often be used with advantage for this purpose (20 per cent, of 
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hydrogen peroxide added to 80 per cent, alcohol). Moussa 
prefers potassium permanganate. 

(b) If the mitochondria are not Kstained black by the OsO^, one may 

proceed directly to Altmann’s method (see § 904). 

(c) The nuclear structures may be stained in safranin, crystal violet^ 

or acid fuchsin. The sections are brought down to distilled 
water and transferred to watery solutions of the dye. A few 
minutes generally suffice to stain the nuclei. 

Ludford {Journ. R. M. S., 1925, pp. 31 — 36) recommends the 
employment of neutral red as a counterstain. Sections which 
have not been bleached are brought dowm to water. They are 
then stained for half a minute, or less, in a dilute solution of 
neutral red (1 grm. of neutral red in 1000 c.c. of distilled water, 
with 2 c.c. of a 1 per cent, solution of glacial acetic acid). The 
excess of stain is then rinsed off the slide with distilled water. 
After shaking off the distilled water, absolute alcohol is poured on 
the sections. When the correct degree of differentiation has been 
attained it is cleared in xylol and mounted in balsam. 

We find that in successful Mann-Kopsch preparations, especially of 
Invertebrata, the mitochondria do not generally become black, but are 
either unstained or go yellowish. In many, but not all, cases it will be 
found that where the mitochondria do become black after OSO 4 , 
colour is more readily extracted from them than from the Golgi elements, 
so that a distinction can nearly always be made by the Mann-Kopsch 
method itself, without recourse to other methods which will generally 
stain mitochondria and not Golgi apparatus (Regaud, Flemming, as 
described in § 903). Among the most useful differentiation or extraction 
methods after Mann-Kopsch, turpentme and dioxan are jnobably the best. 
The wax is removed from the sections on the slide by means of xylol, and 
the slide is transferred to a jar of turpentine. After about half a minute 
the section is examined under Jth inch objective, and the effect of the 
turpentine is noted ; one sometimes finds that the black colour in fat 
globules and yolk spheres is extracted before a quarter of an hour has 
elapsed, while the Golgi apparatus retains its black condition. In most 
cases it is therefore possible to distinguish between yolk and fat on the 
one hand, and the Golgi apparatus on the other. 

920. Mann-Kopsch-Altmann Combination. If examination of 
the first Mann-Kopsch section showed that the Golgi apparatus 
was blackened, and the mitochondria were either not stained 
or only straw or light-brown coloured, one may proceed directly 
to the Altmann stain. Should the examination show that the 
mitochondria as well as the Golgi apparatus have become black- 
ened, the sections must be extracted in turpentine in an endeavour 
to removed the blackening from the mitochondria. If the latter 
treatment does not succeed properly the only course is to make 
new Mann-Kopsch preparations, allowing less time in the OSO 4 , 
say seven or eight days instead of the two weeks. 

When one has succeeded in procuring sections in which the Golgi 
apparatus alone is blackened, it is possible to stain in Aitmami’s anilin 
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acid fuchsin and picric acid method, so that the mitochondria (and 
nucleoli) become red, the Golgi apparatus is black and the ground 
cytoplasm yellowish. The Mann-Kopsch sections are brought down 
to distilled water, and cautiously treated in a 0-5 to 0-125 per cent* 
solution of potassium permanganate. They should be washed under 
the microscope. As soon as the cytoplasm of the cells has become 
dark brown in colour, and before any marked change in the impregnation 
of the Golgi apparatus occurs, the slides are washed rapidly in distilled 
water, and treated with sulphurous acid — about 5 to io per cent, 
solution. This bleaches the cytoplasm almost instantly, while the 
Golgi apparatus remains black. The slides should then be washed 
thoroughly in running water and stained (§ 919). 

The following modification in staining has been used with 
success. After bleaching sections, and thoroughly washing, 
Altmann’s anilin acid fuchsin is poured on the slides, which 
are heated until steaming occurs. They are then allowed to stand 
for half an hour. The excess stain is finally washed off with 
distilled water, and the slides are brought direct to absolute 
alcohol in which they are then differentiated (LuDroun, Journ, 
n. M. S., 1926, pp. 107-109. 

In a series of experiments carried out with tumour cells it was 
found that the length of time a tissue remains in the Mann’s 
fluid has practically no elfect upon the subsequent impregnation 
of the Golgi apparatus with osmic acid (Ludfoed, Journ, 

1924, pp. 269-280). When the pieces have remained for longer 
periods in Mann’s fluid, however, sublimate crystals may be formed 
in the tissues. These can be removed by treating the sections 
with Lugol’s solution. ^ 

The Mann-Kopsch technique can be used in combination with 
the Kull staining method (§ 905). We find that the cells are rather 
liable to overstain in the toluidin blue, which must be left on for 
a very short time. 

921. Osmiophile and Osmic Reducing Bodies. Some specimens of 
osmic acid in aqua dest. produce a yellow or brown colour in cell 
bodies, but will not reduce to a black colour in the substance of the 
Golgi apparatus. Generally speaking this effect occurs if osmic solution 
contains chromic acid. Thus secretion granules and other cell bodies 
such as yolk or fat, brown or blacken in osmic acid comparatively soon, 
but the Golgi apparatus takes longer to blacken, and in some cases 
even with a good specimen of osmic obstinately refuses to blacken, 
even up to the time when the solution has lost its smell. In some 
mammalian glands, E. S. Duthie in the Dublin Laboratory found 
that the Golgi apparatus blackened regularly in an osmic solution 
which had been made yellow with chrome salts. This however is rare 
in our experience. 

922. Shorter Osmication Methods. The length of time taken 
by osmic acid to penetrate tissues and impregnate the Golgi 
apparatus has led to various modifications of the Kopsch method 
being employed to bring about the result in a shorter time. Experi- 
ments have shown that reduction of the osmic acid is considerably 




iiasTcnea by a moderate rise of temperature. In well-fixed 

material, however, _ there are considerable secondary changes in 
ne cytoplasm on incubation in watery media, at "temperatures 
ranging from 40° to 60° C. (Ludfobd, VoMra. i?. M. 1924, 
pp. 269-280). This fact renders it undesirable to employ tempera- 

tures mucn above 35"^ C. 

Ot the methods in which hot osmic acid is employed the following 
liave been found to give excellent results 
923. The Kolatchew Method as Modified by Nassonow. The 
material is fixed in Champy’s fluid to each 10 c.c. of which 2 or 
3 of a 0;1 per cent of pyrogallic acid is added, or else 

in a modified Champy fluid; The following is recommended : — 

6 per cent, potassium bichromate . . 2 c.c. 

1 per cent, chromic acid . . . 2 

2 per cent, osmic acid . ^ ' 

, • : S) 

Various other modifications have also been employed (see 
Na,ssonow, Archiv f. mikr. Anat., 1923, 97, 136-186, and 1924 
108, 437-482 ; also Weinee, Archiv. Busses d'Anat. d’Hlst. k 
dEmhrxj \x. 1925, 37-164). After twenty-four hours the 
material is thoroughly washed (overnight), and then transferred 
to 1 to 2 per cent, osmic acid at 30° to 35° C. for three to seven days. 

young Limnaea neurones are best demonstrated 

S r ',a T?"" houm at 

MnTTCQ. r Limn»a, forty hours’ osmication is the best (see 

He mentioned that longer time is 
needed if osmication is carried under a lower temperature, 

Nassonow suggests the following method for determining 
when the correct degree of impregnation is attained. Small nieces 
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upgrade, clear and mount. The advantage of this method is that 
one can study the Golgi apparatus, and then the mitochondria in 
'the'. same., cell. ■ 

925. Strengtli of Osmic Solution. Kolatchew used 1 or 2 per cent, 
osmic acid, while other workers including Nassonow, Kopsch, Morelle 
and Deineka all used 1 per cent. We have nearly always used 2 per 
cent., but there has been a tendency nowadays to use 1 per cent., which 
in view of the cost of osmium tetroxide is more economical. 

926. On Counter-Staining Weigl or Kolatchew Sections in Iron- 
Alum Haematoxylin or Acid Fuchsin. The possibility of doing 
this successfully should be noticed (see Gatenby and Beams, 
Q. M. /S'., 1936). The advantage is that one can often get both 
categories of inclusions stained in different colours. For example, 
in spermatogenesis the Golgi apparatus will be black with osmic 
acid, and the mitochondria blue with haematoxylin or red with 
acid fuchsin. This is sometimes very useful. The main difficulty 
is to hit off the time of bleaching properly. No exact times can 
be given. The wax should be thoroughly removed from the slides, 
which are brought down to distilled water. Permanganate of 
potash (§ 920) is then poured on the sections and they are examined 
under the J or objective to make sure that the cells are saturated 
evenly. The oxalic acid is then added, and the slides again 
washed in distilled water for a few minutes. They should now 
stain like ordinary chrome-osmium (Champy) slides, in alum 
haematoxylin (all day in alum, overnight in haematoxylin) or by 
Altmann’s acid fuchsin (§ 904). 

927. Sjovall’s Formol Osmic Acid Method* {AnaL Hefte^ 
Bd. XXX, 1906). This method has recently been used by the present 
writer a good deal because it is the only possible comprehensive Golgi 
method for operation-room material fixed in 10 per cent, formalin, 
and therefore has some special importance. The method, as it 
stands, has a serious defect, the short washing period in aq. dest. is 
not enough ; the small pieces should be washed in H 2 O 2 , a few 
drops of 20 vol. solution in a Petri dish of distilled water and the 
pieces taken out at different times, washed in distilled water for 
thirty minutes and put in separate tubes of 1 per cent. OSO 4 . They 
are left in or on an oven at about 30® C., and small pieces are teased 
in dilute glycerine and examined under the microscope until 
osmication has reached the correct degree. 

Material fixed in formalin, but without chrome salts or platinum 
chloride, may be used for SjovalFs technique {Anat. Hefte, Bd. 
xxx). Fix pieces of tissue, or small embryos in neutral formalin 
(5 to 20 per cent, neutralised with magnesium carbonate) for 
two days. Cut into smaller pieces and wash in several changes 
of aq. dest. 

*Not recommended, if Champy (§ 923) or Mann (§ 918) fixed tissues are 
available. The method is capricious; 
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Transfer to 2 per cent. OSO 4 solution for from two to fourteen 
days at room temperature, as for Kopsch, Wash well in water, 
dehydrate clear and imbed. Cut sections 3 [x, if necessary de- 
colorise in peroxide (Solger, § 584) and mount unstained in balsam. 

928. Owens-Bensuey Ferric Chloride Osmic Acid Method (Amer, 
Journ. Amt, 1929). Small pieces fixed and left in o%’'en at 37° C. in 
ferric chloride 0 05 grm., 2 per cent. OSO4 tO c.c. 

929. Bleaching Osmic Material. J. J. Asana (Stain, Tech,, xv., 
1940) finds dioxan removes blackening. Bulk material up to 
three days, sections shorter time. This is likely to be an important 
method. See also § 919, 

930. General Remarks on the Silver Nitrate Golgi Apparatus 
Methods.* Unless used with frozen sections these methods all 
suffer from the disadvantages of formalin fixation. Aoyama’s 
fixative is the best, and we have had some very fine results on 
Saccocirnis with Da Fano’s fluid. On the other hand, it is almost 
impossible to do any good with animals like Daphnia or Cyclops, 
The finished wax sections are shrunken and generally useless. 
There seems little doubt that the osmic methods, such as those of 
Nassonow and Weigl, are the only reliable ones for most inverte- 
brates, for paraffin imbedding. 

Many Da Fano (§ 934) and Cajal preparations we have seen 
have been made carelessly, and the sections have been filled with 
granular precipitates of silver. This makes the material unreliable 
and useless for research ; such a fault is due to excess silver left 
before the reduction stage. It has been concluded by a number of 
workers that too long mmersion in the fixative causes the mito- 
chondria as well as ike Golgi apparatus to become impregnated. It 
is recommended to cut down the fixation time as much as possible and 
to make the pieces small. In such eases penetration will he complete 
in one to two hours. The frozen section is better than the wax.. Results 
may be improved by fixing tissue in chilled Da Fano or Cajal, 
and the worker is strongly recommended to try the cold method 
as well as that at room temperature. Da Fano preparations 
should be cleared in cedar-wood oil, as xylol shrinks them badly. 
Moussa finds terpineol very satisfactory, 

931. Golgi- Veratti’s Method (see Golgi, Anat, Anz, Verh. Anat,, 
Ges,, xiv, 1900, p. 174). Small pieces are hardened for a time varying 
from a few hours to ten days or longer in Veratti’s mixture, consisting 
of — 

5 per cent, potassium bichromate . . 3 parts. 

0*1 per cent, chloroplatinic acid . . . 3 „ 

1 per cent, osmic acid . . . . 3 „ 

From time to time pieces are put in one or other of Golgi’s rejuvenating 
fluids (as described in § 1144), and thence into 0*8 to 1 per cent, silver 

♦According to 3; R. Baker (Qi Ji Mi S. 90, ’49) work done with silver 
and osmium is not of a calibre which would be recognised in any other 
science ! Baker used Sjdvairs very capricious method (§ 927) in his 1944 
paper, nevertheless. 
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nitrate. Sections are cut and mounted as by Golgi’s bichromate and 
nitrate of silver method (see § 1145). 

032. Golgi’s Arsenious Add and Silver Nitrate Method {Arch, ItaL 
Biol., xlix, 1908, p. 272). Small pieces of quite fresh tissues are fixed 
for three, six, eight or twelve hours in equal parts of 20 per cent, forma- 
lin, saturated solution of arsenious acid, and 96 per cent, alcohol. After 
a quick wash with distilled water, they are passed for some hours (or 
days) into 1 per cent, silver nitrate, and then treated with a reducing 
fluid, usually Cajal’s hydroquinone mixture (hydroquinone 20 grm., 
sodium sulphite 5 grm., formaHn 50 c.c., water 1000 c.c.). Wash 
quickly, dehydrate, and imbed either in celloidin or paraffin. The 
sections are toned with equal parts of 1 per cent, gold chloride and a 
mixture consisting of water 1000 c.c., with 30 grm. each of sodium 
hyposulphite and ammonium sulphocyanide, and then rapidly bleached 
by the following method, due to Vebatti : — ^Wash the toned sections 
in distilled water and transfer them for one, two or three minutes into 
potassium permanganate 0*5 grm., distilled water 1000 c.c., sulphuric 
acid 1 c.c. ; wash again ; transfer into 1 per cent, oxalic acid until the 
yellowish colour imparted to the sections by the potassium permanga- 
nate has disappeared ; wash thoroughly in repeatedly changed distilled 
water j counterstain, dehydrate, and mount as usual. 

933. Ramon y Cajal’s Ufanium Nitrate and Silver Nitrate 
Method (Tm6. La6. Invest. Biol,, Madrid, xii, 1914, p. 127), 
(1) Small pieces of quite fresh tissues are fixed for ten to fourteen 
hours in a mixture of neutralised formalin 15 c.c., distilled water 
85 C.C., uranium nitrate 1 grm. Instead of uranium nitrate, 
uranium acetate, as suggested by Del Rio-Hortega, may be some- 
times used. Should a very fine reaction be desirable, the following 
formula may be employed Uranium nitrate 1 grm., ethyl or 
methyl alcohol 30 c.c., distilled water 80 c.c., neutralised formalin 
15 to 20 c.c. (2) After a quick wash in distilled water pieces are 
transferred into 1*5 per cent, silver nitrate and kept therein for 
thirty-six to forty-eight hours at room temperature. If the 
pieces are only a few and small 1 per cent, silver nitrate will be 
sufficient. (3) Wash quickly and reduce for eight to twenty-four 
hours in hydroquinone 1 to 2 grm., formalin 15 c.c., distilled water 
100 c.c., sodium sulphite 0*5 grm. (4) Wash quickly, imbed 
in paraffin or celloidin, or make sections by the freezing method. 
(5) Tone and counterstain sections if desirable. Dehydrate and 
mount as usual. Best results are obtained from vertebrates, preferably 
kittens and young rabbits. The method may be applied to human 
material, if available in a sufficiently fresh condition. With 
invertebrates results are not so good, and rather uncertain, so that 
Cajal advises a simple fixation in formalin or formalin-acetone, 
followed by impregnation with silver nitrate, as by his reduced 
silver methods for neurofibrils. 

J. Sosa and J, A, Menegazzi {Arch. Soc, Biol, Montevideo, ix, 1939) 
insist that for invertebrates (Helix, etc.) the time in fixative must 
be cut down to at most four hours, and for their study of the tissues 
of mice (especially young) W. Andrews and J. Sosa proceed as follows ; 
fix half to one hour at room temperature in formalin 15 c.c., aqua dest. 
85 c.c,, Uranium nitrate 1 grm., then transfer pieces to three quick 
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waslies ill aqua> <!est. The pieces are then impregnated in dark bottles 
for thirty-six hours at room temperature in 2*5 per cent, aqueous 
silver nitrate* Now transfer three times rapidly in aqua dest. and 
reduce '"fractionally” in Solution B 1 vol. Acetone 5 per cent, for 
twenty minutes, then in Solution A 1 vol. Acetone 1 per cent, for 
twenty “four hours. Solution A is formalin 15 c.c., aqua dest. 85 c.e., 
pyrogallic acid 1 grm. Solution B is equal parts of A and aqua dest. 
Wash, cut frozen sections at 5 to 10 ft, dehydrate in alcohol, clean in 
pure creosote and mount in Canada balsam. The present writer has 
not tried this elaborate method, but has been informed that it is good. 
Note the terpineol method, § 148. Comment — ^the short periods for 
immersion in the fixative, used by Sosa, are interesting in view of the 
long time known to be needed for fixation in formalin alone (§112). 

934. Da Fano’s Cobalt Nitrate Modification (Proc, Physiol, Soc, 
Journ. Physiol,, liii, 1920 ; Joum, R, Mic. Soc,, 1920, p. 157). Small 
pieces of quite fresh tissues are fixed for six to eight hours at room 
temperature in cobalt nitrate 1 grm., distilled water 100 c.c., formalin 
15 c.c. The solution can be prepared beforehand, and keeps unaltered 
for months. The formalin need not be neutralised unless strongly 
acid or containing free sulphuric acid, in which case it is necessary to 
neutralise it by one of the usual methods . For the fixation of embryonic 
organs and in all cases in which a shrinkage of delicate tissues is to be 
feared, the quantity of the formalin may be reduced to 10, 8, or 6 c.e. 
for every 100 c.c. of distilled water. The time of fixation should be 
shortened to three to four hours or even less in the ease of very small 
pieces, such as spinal ganglia of mice and rats, the pituitary body of 
the same animals, etc. Pieces of spinal cord, cerebrum, cerebellum 
of adult animals give better results if fixed for about eight to ten hours. 
The fixation may be prolonged in special cases to twelve to twenty 
hours, but should not exceed twenty-four hours. The fixation in an 
incubator at a temperature varying between 25° and 37° C. has been 
attempted with success in the case of tissues of adult subjects, but it 
leads to a staining of both the internal apparatus and intracellular 
formations, which, according to their morphology are to be considered 
as mitochondria. 

For the impregnation, Da Fano quickly washes the pieces in distilled 
water,, makes their surfaces smooth if necessary, and then places them 
into 1*5 per cent, silver nitrate in the dark for twenty-four to forty- 
eight hours at room temperature. For very small fragments, 1 per cent, 
silver nitrate may be used, whilst for pieces of spinal cord of adult 
subjects, 2 per cent, should be preferred. For the reduction he uses 
Cajal’s hydroquinone-formalin mixture, taking care in further recutting 
the pieces before transferring them into the reducing fluid, so that 
their thickness should not exceed 2 mm. He dehydrates, clears in 
cedar oil and imbeds pieces, preferably in paraffin, or he makes sections 
by the freezing method. He usually tones these by means of 0*2 per 
cent, gold clxloride, fixes with 5 per cent, sodium hyposulphite, counter- 
stains and mounts as usual. 

The method gives good results also with material from lower verte- 
brates and invertebrates. 

935. F. Aoyama’s Cadmium Chloride Formol Golgi Apparatus 
Method (Zdtf.wiss. Mik., 1980). Fix small pieces of tissue in 
cadmium chloride 1 grm,, formol neutral 15 c.c., distilled water 
85 C.C., for three or four Iwurs, Rinse quickly in two changes of 
distilled water, and tranaffei? to 1*5 per cent solution of silver 
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nitrate for ten to fifteen hours at 22® C, Rinse quickly in two 
changes of distilled water, preferably in a dark room, and transfer 
for five to ten hours to the reducing solution (hydroquinone 1 part, 
neutral forinol 15 C.C., distilled water 85 c.c., 0*1 to 0*15 grm. 
of sodium sulphite, sufficient to produce a yellowish tinge). Wash 
thoroughly in tap-water, upgrade, imbed and section. The 
sections may be counterstained in carndine or haematoxylin and 
eosin. Cold-blooded animals need longer fixation and impregna- 
tion than warm-blooded, for which the above given times are 
suitable. 

After having seen preparations of various vertebrate and in- 
vertebrate tissues made by this method, we have concluded that 
it is the best of the three silver formalin methods, and the nearest 
approach to a good osmic Golgi technique. It is reliable, remark- 
ably specific, and causes less incrustation of dictyosomes than other 
silver methods. Many mammalian tissue preparations have a granular 
precipitate. The pieces must be small and the times rigidly observed, 

Gatenby and Moussa have recently been using the frozen 
section method on this material, which gives results superior to 
wax sections. 

936. Other Methods and Modifications. Carleton (Jo wm. R, Mic, 
Soc,, 1919, p. 321) reduces pieces treated according to CajaPs uranium 
nitrate method for only two hours in the usual hydroquinone mixture. 

pENFiEnr) (Brain, xliii, 1920) has successfully employed Cajal’s 
uranium nitrate method for his experimental investigations on the 
alterations of Golgi’s apparatus in nerve cells of spinal cord and spinal 
ganglia of young cats . He adds 20 c.c. formalin (instead of 1 5 ) to Caj aPs 
fixing fluid and as much as 1*5 grm. of sodium sulphite to the hydro- 
quinone-formalin solution. He finds it imperative to dehydrate pieces 
very quickly before imbedding them in paraffin. In order to obtain per- 
fect fixation of the spinal cord he sometimes performs a laminectomy in 
the lower lumbar region of the anaesthetised animal, passes a needle 
in the subarachnoid space, and allows the fixative to flow in “ under a 
gravity pressure of 75 cm.” The heart stops about a minute after the 
beginning of the injection, which is continued for twenty hours. At 
the end of this time the cord is removed, pieces cut and dropped directly 
into the silver bath. 

Moussa (unpublished work, 1949) obtained excellent results from 
small mammalian ganglia by fixing in Aoyama’s fluid for five hours, 
washing thoroughly in dist. water for ten minutes (four changes). 
Transfer to newly made 1*5 per cent, silver nitrate and leave for two 
days at room temperature in the dark. Wash thoroughly in dist. water 
as before, and transfer to the reducer (1*5 grm. hydroquinone, 15 c.c. 
formalin, 85 c.c. dist. water, 0*3 grm. sodium sulphite) for thirty hours. 
Wash under tap for fifteen minutes, upgrade, clear in terpineol (three 
changes for three days), benzol (two changes for thirty minutes), 
benzol-wax for half an hour, then wax, three changes for one and a half 
hours. 


937. Counterstaining. Penfield finds it particu 
immersp untoned sections into a diluted solutlj 
polychrome-methylene blue for one to four ho| 


Irly useful to 
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followed by passage through alcohols of increasing strength and 
differentiation in absolute alcohol. 

Counterstaining may also be done in borax carmine (three to 
twenty -four hours) 0-5 neutral red or toluidin blue in water 
(Da Fano), differentiating in 95 per cent, alcohol, safranin O. 
(Griibler) saturated in equal parts of absolute alcohol and anilin 
oil water, fifteen minutes to several hours, differentiating in 90 per 
cent, alcohol. We have constantly used Mann’s methyl blue eosin 
in this laboratory. If iron-alum hasmatoxylin is to be used, the 
alum bath must be short or the silver will be extracted, but Bowen 
{Anat. Bee., 1928) says that if the sections be toned, see § 982, the 
impregnation is unaffected. Bowen believed that this double 
method has great possibilities. 

Of all these methods Mann’s methyl blue eosin is the easiest and 
best, as this fine stain usually works well on formalin material. 

Difficulties and Faults in Formalin Silver Methods. Complete 
failure to impregnate the Golgi apparatus sometimes occurs. 
This may be due to bad or old formalin— commercial museum 
formalin is useless. It may be due to the silver solution being too 
old. Unless the previous trials have been successful, it is better 
to make up new silver nitrate. Reduction is naturally a vital 
part of the method, one must see that this fluid is right. The 
colour of quite efficient reducing solutions may vary from light to 
dark sherry. Faults may be traced to the washing out after 
fixation, and after silver nitrate. If one washes out too much 
naturally the methods will not succeed, but this fault can be 
guarded against by having a number of pieces of different sizes. 

Granulated preparations are usually due either to over fixation 
or to using too strong silver nitrate, or to not washing out enough 
before reduction. Again, pieces of different thickness will help 
to solve the difficulty. 

Finally note that rarely, if ever, should pieces be left as long 
as overnight in the fixative. This is an initial error which cannot 
be corrected later. It will be noted that short immersion in the 
formalin fixative is not long enough to fix the cells adequately so 
as to stand paraffin imbedding. It is therefore better to cut frozen 
sections and mount in a watery medium or through terpineol (§ 148). 

938. Other Silver Methods. Saguchi (op. cit.) claims that 
the ammoniacal and tannin silver methods are useful and have 
been unduly neglected by cytologists. The ammoniacal silver * 
method of Rio Hortega is used by Saguchi on paraffin sections, not 
frozen sections. Fixation is by chrome-osmium, or formalin 
post-chromed and post-osmicated. Bring sections (stuck on with 
albumen gelatine, which is absolutely necessary) into xylol for 
six minutes to remove wax, same period in absolute and 90 per cent, 
alcohol to cold water (6-10® C.) for ten minutes. Treat with 

* See § 961, amnnoniacal silver solutions can become explosive on storing ! 
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ammoniacal silver at 50° C. for eight to twelve minutes, wash in. 
water five seconds, pass to 5 per cent, formol neutralised with 
CaCOg for two minutes, rinse in water ten seconds. Now tone in 
0*2 per cent, gold chloride warmed to 38° C. for thirty minutes, 
wash in water, fix in 5 per cent, sodium hyposulphite for one 
minute. Leave under running water for twenty minutes, 
dehydrate, mount in xylol balsam. Saguchi believes the AS 
method most suitable for studying cytoplasmic changes, and the 
fundamental structure of protoplasm. 

The Rio Hortega solution he recommends is from a modified 
Achucarro neuroglia method : forty drops of 40 per cent, caustic soda 
are added to 30 c.c. of 10 per cent, silver nitrate solution. The 
precipitate is washed ten or twelve times using a litre of aq. dest. ; then 
suspended in 50 c.c. aq. dest. and dissolved by adding ammonia drop 
by drop. Fill up to 150 c.c. and store in a dark brown bottle. At the 
time i?f using take a part in nine times its volume of aq. dest. 

Tannin Silver. Refer to § 1199. By this method not only the 
genesis of plastosomes, but also their relation to the Golgi body may be 
followed out with great clearness and absolute precision (Saguchi, op. 
cit, p. 13). Used on wax sections by Saguchi, as above. 

939. Fat Staining in Cytology. The reader should first refer 
to Kay and Whitehead and in Chapter XXVII, §§ 688, 690 : after 
which the combined Aoyama and Sudan IV. method in § 940 may 
be tried. In the 8th edition of this book, the late W. Cramer, 
and the Senior .Editor have reviewed various methods for fats. 
Except for the introduction of Sudan Black the position, 
cytologically, if not microchemically, speaking, is much the same 
now as then. It should be noticed that in germ cells especially, 
fat when present may be associated with other substances, and 
there is much doubt whether fatty globules are exclusively 
composed of one type of fat. Pre-treatment of frozen sections in 
various solvents such as acetone, alcohol, pyridine, chloroform, 
etc., before staining, may give information of value. A biochemist 
should be consulted on this aspect of investigation of doubtful 
fatty globules. 

In solubility and staining tests for biochemically isolated fats, pith 
or cigarette paper impregnated with test materials probably do not 
reproduce the cytological conditions where the fat vacuoles are locked 
and surrounded by post-chromed or otherwise denatured protoplasm 
in the actual tissue. A better approach would be to include fat droplets 
in egg white, etc., and then fix and section such material for test. 

Nile Blue Sulphate. This is an important fat stain. It was 
introduced by Lorrain Smith {Jour. Path. Boot., v, 1906). In 1926 
Kauemann and Lehmann { Virch. Arch. Path. Anat. Physiol., cclxi, 
1926) stated that the method was biochemically useless. Lorrain 



41B OOLGI APPARATUS, MITOCHONDRIA, ETC, 


Similh IiMcl elainiecl that the neutral fats stained red and the fatly 
acids blue. Lison {Huiochimie animale) believes that the rose red 
signifies the presence of non-saturated glyceride, wiiereas the blue 
colour has no significance. Cowdry states {op, cit,) that globules 
which stain blue may be saturated or non-saturated glyceride, 
fatty acid or iipin. According to Cain (Q. J, M. S,, 194T) Lison is 
incorrect in considering Nile blue of no histochemical value. Cain 
claims that Nile blue can be used to distinguish neutral lipoids 
(esters and hydrocarbons) from acidic lipoids (phospholipines and 
acids) : cholesterol is not detected by it. 

The cytological importance of Loheain Smith’s reaction is that it 
is a two-colour fat stain, and can sometimes help in distinguishing 
between fat, yolk, Golgi apparatus and various formed bodies of a fatty 
nature in oogenesis, etc. It is therefore as desirable among fat stains as 
Leishman or Wright are among blood stains, altogether apart from 
differences of opinion as to whether it is a precise, biochemical test, 
which in any case practically all current staining methods are not. 

The Nile blue method is fix in formol-saline overnight. Cut 
frozen sections, wash in distilled water, stain in a saturated watery 
solution of Nile blue for about twenty minutes, wash in water and 
differentiate in 1 per cent, acetic acid for about ten to twenty 
minutes, but the time may be shorter. Wash in water one to two 
hours, mount in glycerine gelatine* 

Cain’s schedule is : stain frozen (formol) sections for five minutes 
in a 1 per cent. Nile blue solution at 60° C. (or at 37° C.), differentiate 
for only thirty seconds in 1 per cent, acetic at the same temperature 
chosen. Wash. Mount in Farrants’. The use of a higher temperature 
(60° C.) was apparently introduced by Kauffmann and Lehmann for 
the Weigert-Smith-Dietrich method, as they found that 37° C. gave 
many negative results. The reader should refer to Cain’s useful paper. 

Sudan Black B. (See also § 696.) This Sudan dye was intro- 
duced into histology by L. Lison, his specimen being manufactured 
by I, G. Farbenindustrie. It is used in 70 per cent. ale. solution 
on formol material like other Sudan dyes, the effect being black 
instead of cherry red. According to Pantin {op. cit.) both Sudan 
Black and Sudan Red dissolve in triglycerides, but the former has a 
greater affinity for other lipoids. 

C. Ciaccio {Arch. /. Zellf,, v, 1010) showed that the vertebrate cell 
contains sudanophile rods, etc. (mitochondria), and that there are 
sudanophile granules and vesicles in nerve cells : the sphere (Golgi 
apparatus) of rodent spermatids is somewhat sudanophile. Ciaccio 
fixed in chrome-formol formic acid^ post-chromed at 37° C. for a week, 
imbedded in wax, passing quickly through alcohol and carbon bisulphide. 
Sections were stained in Sudan III* and mounted in Apathy. Ciaceio’s 
granules in neurones are not the Golgi apparatus, which appears after 
short formol fixation followed by the fat solvent action of paraffin wax 
imbedding. y . 

In 1926, Lydia Kabpoya {Zeit. /. Zellf. mikr. Anat.) showed that 
Sudan III. stains both mitoehondria and Golgi bodies of Helix sperm 
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(jells a deep redclisli colour : Sudan Black also energetically stains tlie 
Goigi dictyosomes of tlie sperm cells of this animal (J. Baker, Q.J.M.S., 
Vol. 1944). 

Lison uses the dye in the same way as Sudan IV. Leach for 
vertebrate material gives additional details (JT. Path, and Bad., xlvii, 
1938) Fix for twenty~four hours in 5 per cent, formalin saline. 
Wash in running water for twenty-four hours. Cut frozen sections 
5-1 0/x straight away or after imbedding in gelatine. Transfer 
sections to aq. dest., then into 50 per cent, diacetin (glycerol 
acetate used by Gross as Sudan solvent and in flattening sections, 
Carleton and Leach, ibid., 49, 1939), agitate for thirty seconds. 
Transfer to stain made thus add excess I.G.F. Sudan Black B 
to equal parts of diacetin and aq. dest. and incubate for two days 
at 55^ C. Cool and filter off just amount required. Thickish 
sections will need two hours in stain, but staining may be hastened 
by warming the dye solution. Transfer to 50 per cent, diacetin for 
thirty second.s, counters tain in carmalum. Float on to slide and 
mount in ikpathy’s medium (§ 377). 

J, Baker {Q.J.M.S., Ixxxv, 1944) uses Sudan Black as follows : Fix 
in Ibrmol calcium chloride, cut frozen sections, wash in water for three 
rninutes, upgrade to 70 per cent, alcohol, stain in saturated Sudan 
Black in 70 per cent, aleohoi (saturation is essential, there must be 
excess dye and several days must be allowed to complete solution). 
Filter the dye the day it is used : stain for seven minutes, letting 
the slide rest obliquely section downwards to avoid collecting 
precipitate ; now pass through three washes of 50 per cent, alcohol 
(thirty seconds or less in each), rinse in aq. dest. Counterstain in 
carmalum, wash in running water three minutes, mount in glycerine, 
and seal. Baker lays stress on the use of calcium chloride in his formalin 
{§ 112). We have not found this addition makes any dilTerence. 

Gatenby and Tohamy A. Movssa{J.E.M.S. Ixix, 1949) have also 
investigated this dye cy tologically, and find the above conventional 
formol fixation methods difficult because of precipitate. The best 
fixation is Flemming-without-acetic acid for one minute only “ on 
smears,” and wash out in water for at least thirty minutes. For 
larger pieces like ganglion smears, fix only until penetrated, then 
wash for several hours, transfer to 50 per cent, alcohol for a 
minute and then to 70 per cent, alcohol. The dye in 70 per cent, 
alcohol is dropped on the washed smear from which excess alcohol 
has been flicked, and a cover is put on, or if a cover slip smear the 
latter is dropped on to some of the dye on a slide. Staining is 
watched under a high power till complete (from two to ten minutes). 
Wash in 50 per cent, alcohol, pass to water, carmalum, mount in 
Apathy. For frozen sections Mo uss a (unpublished work, 1949) 
fixes small pieces of the material in Flemming-without-acetic acid 
for two hours and washes out in running water for twenty-four 
hours. 
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Now as to what Sudan B will stain: in the germ cells of the 
invertei>rate such as Lumbricus and Helix, it definitely stains black both 
Golgi bodies and mitochondria. The Golgi bodies in somatic cells of 
Helix are never so hea\dly stained. It definitely does not stain the 
vertebrate inner reticulum of Golgi in young animals, but does stain 
(Ciaccio) granules and curved bodies applied'to Golgi filaments, in the 
neurones of the rat and the cat. These often vesicular granules are not 
part of the Golgi apparatus, but may be the bases for some of the 
methylene blue and neutral red granules got by vital staining. Sudan 
Black stains the mammalian spermatocyte sphere or archoplasm a 
greyish colour, with cortical granules black. Mitochondria of such cells 
are dark greyish. Data published by J. Baker and Owen Thomas 
(Q.J.M.jS'., 1?)44 to 1949) on the sudanophility of the vertebrate and 
molluscan neurone Golgi apparatus need re-investigation. There is still 
the question as to what are the substances which can be stained in short 
period formol fixed wax sections. 

Weigert-Smith-Dietrich Method for Lipins {Lipoids). This 
method is based on Weigert’s stain for the lipins of the normal nerve 
sheath. The method is also associated with the names of Smith, Mair 
and Dietrich, Fatty substances having a double linkage are oxidised 
by a bichromate solution, a chromium compound being formed which 
‘‘ at one stage of oxidation ” has the property of forming a dark blue 
lake with haematoxylin. The usually quoted Smith-Dietrich method 
is to fix in formalin, cut frozen sections which are treated Ibr from one to 
two days at 37° C. by a 5 per cent, aqueous solution of K^CrgOy. Wash 
in two changes of distilled water. Stain in Kultschitzky’s haematoxylin 
four to five hours at 37° C. Wash in water and differentiate overnight 
in Weigert’s borax ferrieyanide (borax, 2 grms. potassium ferricyanide 
2-5 grms. aq. dest. 100 c.c.). Wash carefully in water, mount in 
Farrants’ or levulose syrup. Lipoids dark blue. Kultschitzky’s 
haematoxylin should be ripened for six months and must not be 
contaminated with alum : the solution is 10 c.c. of ripened 10 per cent, 
haematoxylin in absolute alcohol with 2 per cent, acetic acid in 90 c.c. 
water. Weigert’s solution is stable if kept cold. Kauffman and 
Lehmann used a temperature of 60° C. which they found gave fewer 
negative results. Baker 1944) jiasses the sections to cold 

KgCrgO, solution and only then heats up to 60° C. He ripens his 
hematoxylin with sodium iodate (as with Mayer’s acid haemalum, 
§ 272). Baker’s solution is 48 e.e. water with 0-05 grm. hematoxylin 
(B.D.H. for pH measurement) and exactly 1 c.c. of 1 per cent. aq. 
sodium iodate. Heat until water begins to boil, cool, add 1 c.c. glacial 
acetic acid. Baker states that the Smith-Dietrich test may also stain 
protein granules. He fixes other pieces of material in Bouin, extracts 
sections at 60° C. in pyridine so as to remove fat— this as a control. 
Cain {Q.J.M.S., 1947) has gone over this slightly modified Weigert- 
Smith-Dietrich test, which he calls the Baker acid haematin test for 
lipins.” To avoid confusion, and in order to acknowledge our debt to 
other workers, the method should be called the Weigert-Smith-Dietrich 
test, or if it is thought necessary. Baker’s modification of the same. The 
Baker-Caiu study of the Weigert-Smith-Dietrich method may be 
consulted. The Golgi apparatus of mollusca was shown by Lydia 
Karpova to give a positive result (Zcit /. Zellf. mikr. Anat,, 1925) 
with the Weigert-Smith-Dietrich method. 

In the silver nitrate method the Golgi apparatus is black, and 
fat is red. 
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940. Combined Golgi Apparatus and Fat Stain (Gatenby, 
Biological Technique^ 1937). A successful method is the combined 
Aoyama (or Da Fano) and Sudan IV. You prepare either smears 
or frozen sections by, preferably, the Aoyama method. The 
piece of tissue cannot be imbedded in wax as the upgrading in 
alcohol to xylol removes the fat, so frozen sections must be cut, 
and the thinner the better, or the material may be teased. After 
the Aoyama tease or smear, or the block of tissue has been brought 
into reducing fluid as described in § 932, it should be washed in 
water. The tease or smear goes immediately on to the fat stain, 
whereas the block of tissue is sectioned, and then stained in 
Sudan IV, or a small piece is first stained in Sudan IV and then 
teased up in glycerine and water (1:1). In both cases the 
mountant is Berlese (§ 433 et seq.) and not glycerine, glycerine 
jelly, or Farrants, the reason being that glycerine attacks the 
silver. 

941. Plan for Material Fixed in One, Two or Three Lots. 


A. (1) Fix in Cajal or Aoyama 


(2) Continue on 
with Golgi apparatus 
method. 

I 

(3) Counterstain 
in Mann’s methyl 
blue eosin. 


(2a) Post - chrome 
in 3 per cent, to 
5 per cent. KgCraOy 
for three days. 

I 

Wash out under 
tap overnight. 

(3a) Stain in iron 
haematoxylin or acid 
fuchsin for mito- 
chondria. 


(2b) Wash out, 
cut frozen sections 
or tease, for fat 
stains, mount in 
Berlese, etc. Also 
chlorocarmine. 


B. (1) Fix in Bouin- Allen 


(2a) Continue on 
for chromosome and 
chromatin study. 


(2b) Stain 
glycogen. 


(2c) Use general 
histological stains. 


C. (1) Fix in Champy or F.W,A. 

(2a) Continue on (2b) Wash out (2c) Cut frozen 
for mitochondria by thoroughly, proceed sections or tease, 
Altmann or iron to Kolatchew for mount in Farrants 
haematoxylin. Golgi bodies. for fats. 

The above is the plan used in this laboratory for getting material 
from hospitals, abattoirs, and from a distance. Plan A is cheap 
and needs only the provision of a Winchester of fixative. From 
it a great deal can be done. Plans B and C are an added help, but 
not necessary if the preparations in A are successful. So far as 
cytoplasmic bodies are concerned it is usually possible to make 

;■■■' 14 — Z" : 


420 GOLGI APPARATUS MITOCHONDRIA ETC, 


good preparatioiis 'even after the pieces lia've been several days, or 
even a week, in fresh fixatives mentioned. 

942. The Beams’ Ultra-Centriftige in the Study of Cel! Inclusions. 
This is an air-driven centrifuge, consisting of a hollow top with a 
screw cap. This top spins on a column of air produced by an air 
puiiip of the type used for tyre inflating in garages. Recently this 
centrifuge has become an article of commerce, and our experience 
with it has convinced us that it is quite indispensable forcytolo- 
gists and protozoologists. No study of granules in gland cells, or 
in suck organisms as mn oehce or flagellates, can he considered sat isfac- 
tory unless recourse has been made to material ultra-centrifuged. 

In an experimental ultra-centrifuge made in this laboratory by 
R. Brown, it was found that even with only two holes in the 
stator crater, the centrifuge worked well. (Gatenby Biological 
Laboratory Technique^'' Churchill, 1087) gives sufficient details 
for constructing a small ultra-centrifuge, which any good mechanic 
could turn out on a lathe. The holes in the crater of the stator 
must be staggered so as to make the rotor revolve. The centri- 
fuge must be placed inside a box, lined with concrete for safety, 
should the rotor disintegrate at high speed. 

943. Differentiation between Cell Inclusions. It is frequently 
somewhat difficult to distinguish between the various caitegories 
of cell inclusions. In this section we have provided a series of 
tables intended to act as a tentative guide to the interpretation 
of the various images got by representative cytological techniques. 
These tables are based on work carried out on animals of most 
orders, but it would be injudicious for the researcher to depend upon 
them implicitly, because many exceptions are met with, and the 
personal factor is to be taken into consideration . The use of .such 
tables, if made with several methods and in conjunction with a 
careful study of the origin and morphology of any doubtful cell 
body, will, however, provide reliable evidence for identification. 
Another warning must be given — never try to ascertain the nature 
of granules in developing eggs without first studying the oogenesis 
of the animal in question. Eggs after spawning or laying are 
difficult objects to study by these methods, and even the most 
experienced worker is unable to give an interpretation until he 
has worked at the oogenesis. It should also be remembered that 
there are periods in the development of the cell during which the 
mitochondria are often able to resist becoming dissolved in lipoid 
solvents ; these periods are in the early spermatogonium ,m some 
animals, and during the last stages of spermatogenesis (sperma- 
teleosis) in all animals, and sometimes in large oocytes. See also 
the work of Regaud, Arch. d^AnaU micr,, xi. 

Not a Bene. With regard to the oil used for clearing and 
imbedding, it should be pointed out that all these tables are based 
on preparations cleared and imbedded in xylol, which occasionally 
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tends to extract lightly osniicated fat. Vegetable oils like cedar 
wood oil seem to be less active in this way. We have rarely 
found that chrome-osmicated fat, or “ Kopsched ’’ fat, is extracted 
either by xylol or xylol -balsam. 


944. Differentiation between Mitochondria and Fat (Olein, 
Stearin and Palmitin Mixtures especially). 


Method [ 
employed."^ 

Fresh tissue stained 
in Herxheiiner’s 
scarlet red or 
Sudan IV. 

Fi.xed in Flem- 
ining-with- 
acetic acid, 
examined in 
unstained sec- 
tions on slide. 

Ivopsch or 
Mann-Kopsch. 
Kolatchew. 

Begaud or for- 
malin fixation, 
iron hsema- 
toxyiin. 

Fresh tis- 
sue stained 
in Janus 
green 

1 : 10,000. 

Mitochon- 

dria. 

1 

Will not stain briglit- 
1 ly, generally dis- 
solved away. 

Do not show% 
generally dis- 
solved away, 
except in cer- 
tain eases 
where the 
mitochondria 
are more re- 
sistant to 

acetic acid. 

Yellow or black ; 
if black, colour 
often difficult 

1 to extract in 
turpentine : if 
yellow, can be 
stained in acid 
fuchsin of Alt- 
raann. 

Black. 

Green. 

Fat. i 

Stains brightly. (It 
should be noted 
here that while 
Herxheiiiier’s scar- 
let red will not 
stain mitochondria 
it may possibly 
stain lipoids other 
than true fat.) 

Black. 

Black *. colour 

easily ex- 

tracted after 
a few hours in 
turpentine. 

Not sfained, as 
it has been 
dissolved out 
by the clear- 
ing reagent 
(xylol or 

chloroform, 
not vegetable 
oils). 

Does not 
stain. 


945. Differentiation between Golgi Apparatus and Mitochondria. 



1. 

2. 

3 - 

4. 

5. 

Method 1 
employed, h 

Forinol- 
silver 
nitrate 
methods 
of Golgi, 
Cajal, l)a 
Fano, etc. 

Kolatchew, 

Mann- 

Kopsch 

(osmium) 

tetroxlde 

methods). 

Flemming-without-acetic, 
Kegaud, Champy, formalin, 
etc., follow’ed by iron-alum 
hsematoxylin. 

Janus 

green 

1 : 10,000. 

Ultra- 

Centrifuge. 

Golgi appara- 
tus (dictyo- 
somes, ne- 
benkern 
batonettes, 
idiozome 
rods, etc.}. 

Black, 

(even when 
untoned). 

Black. 

i 

Does not show except in 
odgonia or very young 
oOcytes, and in male germ 
cells ; rarely in other cells. 
When stained generally 
less intense than the mito- 
chondria. 

In some cases a negative pic- 
ture of the Golgi apparatus 
is obtained. 

It a r e 1 y 
stains 
(except 
[ in male 
germ 
cells). 

Passes 

ceutrlpetally. 

Mitochondria 

Golden 

(untuned) 

greyisli 

(toned), 

more 

rarely 

black. 

Not stained, 
yciilowish, 
or more 
rarely 
black. 

Stain black, or dark grey. 

1 

. , i 

Green. 

Pass 

centrifugally. 


946. Cytoplasmic Inclusions in Gametogenesis. In the table 
below is a summary of the fixing and staining reactions of the 
inclusions during oogenesis and spermatogenesis. In the male 
germ cells the Golgi apparatus (nebenkern bodies) show through- 

* This certainly happens in the case of the delicate fat vacuoles of tissue- 
cultured hbrobiasts, see § 901. 
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out ; those of the egg can generally only be demonstrated by 
methods 1 and 2 . If yolk granules contain olein or such un- 
satiirated fat they will stain in OSO 4 like fat, but by slow 
decolorisation as in paragraph 2 (with turpentine) their proteid 
basis will be noted and they will generally be demonstrated in 
methods 1 and 4 , while fat vacuoles disappear completely. See 
also the special sections on “ Fat ” §§ 688 and 939. 


947. Inclusions in Gametogenesis 



1. 

2. 

3. 

4. 

5. 

6. 

Method. 1 

Aoyama or Da 
Fano. 

Kopsch series. 

Chrome-osmium 
and iron hcema- 
toxylin or (Alt- 
mann). 

Bonin and 
corrosive 
acetic 
and 

Ehrlich’s 

h£em. 

Champy- 

Kull. 

Benda. 

MUoehon- 

dria. 

Either do not 
show or grey- 
ish or golden 
brown accord- 
ing as to 
•whether sec- 
tions iiave 

been toned. 

Often will not 
show, or faint- 
ly yellowish, 
more rarely 
black or 
brow’B, but 
can often be 
decolorised 
rapidly in 

turps. 

Black (or red). 

Do not 
show. 

Red. 

Violet. 

Qolgi ap- 
paratus. 

Black. 

Black, and re- 
sists decolori- 
sation in turps 
longer than 
mitochondria 
fat or yolk. 

Rarely shows, 
when it does, 
black (or red), 
or not stained. 

Does not 
show. 

Rarely 
shows, if 
so, red. 

Rarely 
shows, if 
so, violet. 


948. Suggested Methods for Discriminating between Golgi ^s Bodies 
and Secretion and Similar Bodies. It is obvious that if the Golgi granules 
is changing into secretion granules, it will be a difficult matter to say 
when the granule *is no longer Golgi material but is yolk or secretion. 
However in practice there is usually no difficulty because the specific 
gravities of the two beginning and end categories enables them to be 
separated by the ultra-centrifuge. If the bodies under question will 
stain in methylene blue or neutral red, the best thing is to stain the 
cells supravitally or intravitally and ultra centrifuge, but the staining 
may be tried after ultra-centrifuging. Fatty bodies form a layer 
above the Golgi apparatus. Some cells such as neurones ultra-centrifuge 
badly. If an ultra-centrifuge be not available, try staining the granules 
in chrome osmic fixative in the oven at 30° C. until they go dark. 
The presence of chrome nearly always inhibits the osmium reduction 
by the Golgi apparatus. Material may be fixed and prepared for the 
Aoyama method, save that the pieces are not dehydrated, but are 
cut in gum or gelatine^ or by freezing, and subsequently stained by a 
fat stain (see §§ 939 seq,}. The decoloration of silver Golgi seetions, 
either from wax, gum or frozen sections may be carried out by 4 per cent, 
iron alum or potassium permanganate, and the sections subsequently 
stained by acid fuehsin, chlorocarmine or iron alum haematoxylin. 
Alternatively the precursors of secretion or secretion granules may 
alone survive alcohol and acetic acid and be stained subsequently. 

Before deciding on the nature of any given bodies, it is desirable to 
study their origin and cytology in the embryo. Try the chick, mollusc 
and mammalian embryos* comparing the Golgi apparatus of nerve and 
germ cells. 


CHAPTER XXXIII 


949. GLANDS* 

Mucin. While many stains are used for the demonstration 
of this substance, none of them is to be regarded as being specific, 
and also the secretory contents of many undoubted mucous cells 
fail to stain by the usual mucous stains and require special 
techniques. Fixation in zenker-formol often gives good results, 
but many types of mucin remain water-soluble and it may be 
necessary to avoid contact with water or low-grade alcohols at 
all stages of preparation and staining of the sections. 

Hoyer {Arch. mik. AnaL xxxvi, 1890, p. 310) finds that the 
mucin of mucous cells and goblet ceils stains with basic tar colours 
and with alum hsematoxylin, but not with acid tar colours. He 
obtained his best results by means of thionin, and good ones with 
toluidin blue, both of these giving a metachromatic stain — 
tissues blue, mucin reddish — and also with methylene blue (which 
is particularly useful for its power of bringing out the merest 
traces of mucin), safranin, etc. 

Tissues should be fixed for two to eight hours in 5 per cent, 
sublimate solution, and paraffin sections stained for five to fifteen 
minutes in a very dilute aqueous solution of the dye (2 drops of 
saturated solution to 5 c.c. of water). 

Hyaline cartilage, the jelly of Wharton, and the Mastzellen of 
Ehrlich give the same reactions with basic dyes as mucin does. 

See also SussDORF {Deutsche Zeit Thiermed., xiv, pp. 345, 349 ; ZeiL 
miss, Mik.9 vi, 1889, p. 205) ; Bizzozero {Atti. U. Accad, di Sci, di 
Torino j 1889-92; reports in Zeit. miss. Mik. vii, 1890, p. 61; and 
ix, 1892, p. 219) ; also Unna {ibid., xiii, 1896, p. 42). 

The safranin reaction is not obtained with all brands of the dye ; 
that of Bindschedler and Busch, in Bale, gives it, whilst safranin 0 
of Griibler does not, Unna employs chiefly polychrome methylene 
blue. 

As regards the thionin stain, see Hi.Ri {Arch. mik. AnaL, 
Iviii, 1901, p. 678). 

Bruno (Bull. Soc. Nat. Napoli, 1905, p. 220) fixes and stains 
the skin of the frog in a mixture of 100 c.c. of formol of 1*25 per 
centf with 8 c.c. of 1 per cent, solution of thionin. Mucous 
glands red. 

Kultschizky ( xlix, 1897, p. 8) fixes in his 
mixture (§ 63), and stains sections either in safranin with 2 per 

* By E. S. D. and E. H. L. 
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cent* acetic aciclj or in a similar solution of neutral red (two to 
three days, washing out with alcohol). 

Mayer (M/it ZooL Stat, Neapel, xii, 1896, p. 303, or 2nd 
edition) gives the following two formulfe for mixtures that stain 
exclusively mucus. 

950. ]\Liyer’s Mudcarmine (op. ciL, last §). One gramme of 
carmine and 0*5 grm. of aluminium chloride with 2 c.c. of distilled 
water, heated over a small flame tor two minutes, and made up to 
100 c.c., with 50 per cent, alcohol. This gives a stock solution 
which is as a rule to be diluted for use tenfold wdth distilled or tap- 
water. 

Southgate (Journ. Path, and Bact.y xxx, 1927, p. 729) proposes the 
following useful modification in the preparation of mucicarmine. 
Pow’dered carmine 1 gim., dry powMered aluminium hydroxide 1 grm. 
are put into a 500 c.c. flask and 100 c.c. of 50 per cent, ethyl alcohol 
added. Anhydrous aluminium chloride 0*5 grm., just powdered, is 
added, and with frequent shaking the flask is placed on a boiling water- 
bath and boiled for two and a half minutes exactly. It is then cooled 
under the tap and filtered. This forms a stock solution good for three 
months. To stain, dilute 1 in 10, which keeps for about twenty-four 
hours. Stain fifteen to twenty minutes. The anhydrous aluminium 
chloride used may be yellow in appearance. 

951. Mayer’s Muchaematein (ibid). Haematein 0*2 grm. 
aluminium chloride 0*1 grm., glycerine 40 c.c., water 60 c.c. An 
alcoholic solution may be made by dissolving in 100 c.c. of 70 
per cent, alcohol, with or without the additional 2 drops of nitric 
acid. 

Sass (Stain Tech., iv, 1929, p. 127) describes a modification in the 
preparation of Mayer's haemalum. Dissolve 50 grm. of alum Al2(NH2)2» 
4SO4 in 1 litre of boiling water. Remove from hot plate and add 1 grm. 
hsematoxylin. Add 1 grm. sodium iodate (NalOjj), cool and filter. 
Stain should he filtered whenever a metallic scum is present. The 
solution is best when fresh and retains its properties for six months. 
The slide is transferred from water to the stain, then washed in distilled 
water followed by tap-water or sodium carbonate 1 per cent., and 
again in distilled water. An aqueous or alcoholic coimterstain may be 
used. 

Leach (Stain Tech., xxii, 1947, p. 73) advises bismarck brown in 
70 per cent, alcohol containing 0-5 per cent, ferric chloride and describes 
precautions to be taken with water-labile types of mucin. 

Lehner, Klin. Wodi., xxxvi, 1923, p. 202, used Held’s molybdic 
acid hfematoxylin for demonstration of mucoid substances which do 
not stain with the usual mucous stains. 

J. McManus’ Periodic Acid (Nature, clviii, 1946). Zenker-forrnol 
sections are passed to water after iodine and hypo and placed for twm 
minutes in 0*5 per cent, aqueous solution of periodic acid. Wash in 
aqua. dest. and place in Schiffs’ Reagent for fifteen minutes at room 
temperature. Rinse in H2SO4 as for Feulgen test, dehydrate and 
mount in xylol balsam. Mucus of goblet cells and bronchus, etc. colour 
strongly. Dempsey and WislOCKI (Phyl. Rev., xxvi, 1946) say that 
Sehiff's Reagent can be used for denmnstrating aldehyde derived 
from muco -protein after mild hydrolysis. The technique is based on 
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work of M. L. Malapeade {Bull, Soc, Ckim, France^ v, 833, 1934). 
See also Nicoeet and Shims (Journ, Amer, Chem, Soc,\ 1615, 1939). 

952. Yoiiiig secretion granules (premucin granules) are well 
shown after fixation in Champy’s or Regaud’s fixatives, staining 
by iron alum hsematoxyiin or by Altmann’s acid fuchsin, as in 
the Bensley method. Counterstaining with methyl green in the 
latter technique, stains formed mucin greenish-blue, premucin 
red. Duthie {Proc. Boy, Soc., Series B, cxiv, 1933, p. 20). 

Goblet cells gives all the reactions above described. See Paneth 
{Arch, mik. Anal., xxxi, 1888, pp, 133 et seq. List, ibid., xxvii, 
1886, p. 481). 

Mucous staining in the cells of the surface epithelium of the 
stomach and of Brunner’s glands will be described in the appro- 
priate sections. See also Bensley {Amer, Journ, An at., ii, 1902, 
p. 104) : see also chlorazol Black B. 

953. Salivary Glands. It must be remembered that the nature 
of the intercellular secretion product in the cells varies greatly 
from animal to animal, so that it is not possible to make definite 
rules. Good preservation of granules is usually obtainable with 
formalin or any of the mercuric chloride fixatives. Chrome- 
osmic fixatures such as Champy, Flemming, or those of 
Metzner {Ahd. Hand, de Biochem., Arbeits Methoden, viii, 1915, 
p. 185) are often successful. Iron hiematoxylin or the Bensley - 
Cowdry stain (§911) may show the granules extremely well or may 
fail completely. The latter should not be used after anyniiercuric 
chloride fixative. Basic anilin dyes such as toluidin blue, 
trypan blue, or thionin are sometimes of value. Thionm blue 
is sometimes supplied instead of thionm. It is a different dye and 
is useless for purposes for which thionin is recommended, 

954. See also Solger {Unters. 2 Naturlehre d, Menschen, xv, 5 and 6, 
pp. 2-15; Festschr, f, Gegenbaur, ii, 1896, p. 211) ; Krause {Arch* 
mik. Anat,, xlv, 1895, p. 94 ; ibid,, xlix, 1897, p. 709) ; Muller (Zeit- 
wiss, ZooL, 1898, p. 640); Duthie (Proc. Boy, Soc,, Series B, cxiv, 
1933, p. 20). 

955. Gastric Glands. As in the case of the salivary glands 
considerable confusion arises owing to staining differences between 
the homologous gland cells in various animals. Such staining 
methods as have been devised aim at contrasting the parietal 
cells (Bellegzelien) with the serous and mucous chief cells, some- 
times they differentiate between the latter two. 

Kolster {Zeit, wiss, Mik,, xii, 1895, p. 314) stains with 
hasmatoxylin followed by acid fuchsin, chief cells blue, parietal 
cells red. Similar results are obtained by counterstaining with 
eosin or Congo red. 

Harvey {Amer, Journ, Anat,, vi, 1907, p. 207), working on the 
dog, uses Bensley’s copper chrome haematoxylin as follows, for 
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parietal cell granules. Fix two hoxxrs in a mixture of equal parts 
formalin, S per cent. K2Cr207, saturated mercuric chloride solution, 
and water. Other fixatives, Kopsch, Bensley, Bonin and Zenker, 
give poor or no fixation of the granules. Sections are placed one 
minute in a saturated solution of neutral copper acetate, one 
minute in S per cent. K2Cr207, and one minute in saturated 
aqueous solution of hsematoxylin, washing in tap-xvater each time. 
The round is repeated once and the slide is differentiated in 
Weigert’s borax ferricyanide (§ 1163). The parietal cells are black. 

Using the tri-coiour stain of Bensley he finds that equal 
parts of a saturated aqueous solution of acid fuchsin and orange 
G stain the granules of the parietal cells a definite pink in a 
minute or two, and if followed by a saturated solution of toluidin 
blue it gives a pretty metachromatic pink in the surface; mucus, 
and in the thick of the cells of the surface and stomach pits. 
Zymogen and prozymogen are blue. 

Kiuk (Amer. Journ. AnaL, x, 1910, p. 475), working on the pig 
stomach, fixes in the Bensley mixture of equal parts 3 per cent. 
K2Cr207 and saturated solution of HgCl2 in absolute alcohol. 
He fixes in the dark for half to two hours, after which the 
tissue is brought through 50 per cent, alcohol and so on to 
paraffin. He finds that the Bensley tri-colour stain is the best all- 
round stain. In addition he uses Bensley ’s neutral gentian and 
copper chrome haematoxylin given by Harvey. See also Ferguson 
{Amer, Jvurn. Anat, xli, 1928, p. 403). 

Florey and Harding {Journ, Path, and Bact,, xi, 1935, p. 212) 
stain mucus in the surface epithelium of the stomach as follows. 
Nuclei are first stained at 56° C. for ten minutes in acid carmine. 
The section is then washed and stained in Ehrlich’s anilin oil gentian 
violet for one minute and washed in LugoFs iodine for one minute. 
Blot. Differentiate in xylol 4 parts and anilin oil 1 part under the 
microscope. Blot. Wash in xylol. Rinse in absolute alcohol, 
xylol. Mucin of superficial cells and goblet cells are an intense blue. 
Brunner’s glands less w^ell stained. 

Surface and neck mucoid cells as well as Brunner’s gland 
cells can be stained by Bismarck Brown (Leach, loc. cit, § 951). 

Bowue {A7iai. Record, Ixiv, 1935, p. 357) obtained excelient 
differentiation of cell types after Regaud fixation. He used 
Bensley ’s neutral stains; both the orange G-crystal violet and 
the ethyl violet-biebrich scarlet gave satisfactory results. 

956. The secretory canaliculi of the parietal cells may be 
demonstrated by Golgi’s bichromate and silver method, especially 
with rejuvenated material, (See Sacerdotti.) Tissue is left for 
five to six days in half saturated sulphate of copper, and then 
for twenty-four hours in osmic-bichromate mixture. Imbed 
rapidly in paraffin. See R. and L. Monti {Rich. Lah. Anat, 
Roma, ix, 1902). The indicators, neutral red, cyanamin, and 
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naplitiiol blue give excellent results in the supravital coloration 
of the contents of the ducts and canaliculi. (Harvey and 
Bensley, BioL Bull., xxiii, 1912, p. 239.) 

957. Intestine* Florey and Harding {Journ. Path, and Bad, 
xl, 1935) use the eosin-aurantia-indulin mixture of Ehrlich (§ 333) 
for staining of Brunner’s glands. Goblet cells are unstained, 
but Brunner’s gland cells and pyloric gland cells are blue-green. 

958. Paneth Cells. The granules of these cells stain well with 
eosin, iron hsematoxylin, or acid fuchsin after most fixations. 
Klein [Amer. Journ, Anat, v, 1906, p. 323) working on the 
guinea-pig fixes in equal parts of alcoholic sublimate and Kopsch’s 
fluid and stains in Bensley’s neutral gentian or in iron hsema- 
toxylin. Better results are obtained with Bensley’s tri-colour 
stain as follows. Sections are stained one minute in equal parts 
of a saturated aqueous solution of orange G and acid fuchsin, 
washed in water, and then stained one minute in a saturated 
aqueous solution of toluidin blue. Wash in water, absolute 
alcohol, and mount in balsam : chromatin and prozymogen (basal 
filaments), intense blue, protoplasm a faint bluish, zymogen red. 
Goblet cells unstained. See Kull {Arch, mih, Anat, Ixxvii, 
1911, p. 541). 

959. Argentophil Cells. Masson {Diagnostics de Laboratoire, 
1923, p. 701) stains the granules of these cells as follows. Frozen 
sections of formol fixed material are washed two to three hours in 
water containing 10 drops of NH 3 per litre until all traces of 
formol or chloride are eliminated. They are placed in stoppered 
vessels containing Fontana’s fluid in the dark for thirty-six to 
forty hours. Specificity is lost if the time be exceeded. Celloidin 
or paraffin sections may be treated in the same way, though a 
longer period in the liquid is usually necessary. The sections are 
then washed in distilled water, Cajal’s toning bath for ten minutes, 
rinsed in water and washed in hyposulphite solution for one 
minute. Wash in running water fifteen minutes. In well-stained 
sections the granules alone appear black. Fontana’s liquid is 
prepared as follows. Ammonia is added drop by drop to a 5 per 
cent, solution of silver nitrate until the silver oxide formed is 
Just redissoived. More 5 per cent, silver nitrate is now added 
until there is a permanent opalescence in the liquid which should 
not smell of ammonia. Cajal’s toning bath is as follows. Solu- 
tion A is 2 per cent, ammonia sulphocyanate in water 3 c.c., 
Na 2 S 203 3 grm., water 100 c.c. Solution B is a 1 per cent, solution 
of gold chloride. The bath is a mixture of equal parts of the two 
solutions made immediately before use. 

Lisok {Arch ^ 1931, p. 343) fixes in 4 per cent, lead 

acetate in 4 per cent, formaldehyde. Held’s molybdic acid 
hsematoxylin stains the granules a characteristic brownish black 
colour. 
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960, Liver. Ordinary histological and cytologicai fixatives 
give excellent results. 

Glycogen may be demonstrated by Best’s carmine method or 
the Bauer-Feulgen reaction (see § 708). The cytoplasmic 
basophil granules of ribo-nucleoprotein nature stain red with 
Umia’s pyroum methyl green method. Little alkaline phosphatase 
is present but after tying off the bile duct, it appears lining the 
finest bile canaliculi (Jacoby, Journ, Physiol., cvi, 1947, p. 339). 
Vitamin A can be demonstrated by fluorescence microscopy 
(PoppEE, Physiol Rev., xxiv, 1944, p. 205). 

Reticular fibres can be stained by Foot’s or Wilder’s methods. 

For lattice fibrils see Oppel {Anat. Anz., i, 1890, p. 144 ; vi, 
1891, p. 168) puts pieces of liver or spleen (alcohol material) for 
twenty “four hours into a solution of neutral chromate of potash 
(I to 10 per cent.), then for twenty-four hours into a | per cent, 
solution of silver nitrate, washes, dehydrates and cuts without 
imbedding. The lattice fibres are only stained near the surface, 
so that tangential sections must be made. 

Similarly Beekley (ibid., 1893, p. 772) fixing in picric acid, 
then jii an osmium bichromate mixture, and then silvering. 

The silver methods of Bielschowsky and Rio Hortega give 
good results. 

For bile capillaries Beaus (Deuisch. Med. Nat. Ges. Jena, v, 
1896, p. 307) uses the rapid method of Golgi hardening in a 
mixture of 1 part formoi with 3 parts liquid of Miilier or I per 
cent, chromic acid; Ciechanowski (Anal Anz., xxi, 1902, 
p. 426) uses Weigert’s myelin stain (1885 method), Eppingee 
(Ziegl. Beitr., xxxi, 1902, p. 230) hardens five to ten days in 10 per 
cent, formoi, and transfers for ten days to Weigert’s gliabeize 
(§ 1187) at room temperature or for five days at 37° C. One may 
also mix this with the formoi in fixation (11 parts beize to 1 part 
formoi). This is preferable in the case of fresh material. Pieces 
are then washed in water, hardened in alcohol and imbedded in 
celioidin. Sections are placed in 1 per cent, hsematoxylin (fresh 
hsematoxylin twenty -four hours, old solutions fifteen minutes). 
He then transfers to a concentrated solution of copper-acetate 
in water for five minutes and to distilled water for an indefinite 
period (one to two days if desired). The tissue is then differentiated 
in Weigert’s borax ferricyanide solution (diluted 1 in 5 to 1 in 
9). The undiluted solution is used only with over-stained sections. 
After well washing he transfers to a concentrated solution of 
lithium carbonate until the brown staining of the celioidin is lost. 
Sections are then well washed and mounted. 

Otami (Proc. New York Paih. Soc., xxvi, 1926, p. 2) tans 
paraffin sections of material not fixed in either alcohol or 
Kaiserling’s fluid, for one to two hours in a saturated solution of 
potassium bichromate at 37° C. Washes five to ten seconds in 
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distilled water and stains five to sixty minutes at 37° C. in 
Kultschitzky’s litematoxylin (§ 1166). This is then differentiated in 
Weigert’s borate solution (§ 1163, and Baker, § 939), passed through 
alcohol into xylol and mounted in balsam. The bile ducts are blue 
to brown. Results are variable. 

McIndoo {Arch, Path,, vi, 1928, p. 598) uses the following 
modification of the Rio Hortega silver carbonate stain (Fontana). 
Small blocks are fixed at least twenty days in 10 per cent, formal- 
dehyde, and frozen sections cut as thinly as possible. Five or 
six sections are taken and are heated and cooled for twenty 
minutes in a silver carbonate pyridin bath until uniformly golden 
brown. Care must be taken that the heating does not reach the 
boiling-point by ceasing when steam reaches the surface. Rapidly 
wash in distilled water and place in 20 per cent, neutral formol, 
one minute after which fixation is carried out in a 20 per cent, 
neutral solution of formaldehyde for one minute, followed by 
fixation in 2 per cent. Na 2 S 203 for a half to one minute. Wash 
thoroughly two to three days in tap-water to which a little neutral 
formaldehyde may be added. Then 95 per cent, alcohol, carbol 
xylol and balsam. 

The silver carbonate pyridin bath is 

10 per cent. AgNOg, 30 c.c. 

Sat. aqueous, LiCOg, 30 c.c. 

Wash precipitate several times in doubly distilled water, 
decanting and discarding the washings. When the precipitate is 
thoroughly washed, add 100 c.c. doubly distilled water and dis- 
solve half to three-quarters of it with ammonia, added drop by 
drop. Filter the supernatant fluid with an opaque bottle and 
store in dark. This stock A 9 (Co 3)2 solution keeps two to four 
weeks. 

The bath is the silver carbonate solution 5 c.c., distilled water 
5 c.c., and pyridin 2 to 3 drops. The porcelain dish in which 
the silver sections should not be washed after use as the silver 
coating improves impregnation. 

961. Spleen. For hsematological studies this is best fixed in 
Helly’s or Maximow’s fluids for not more than six hours. Thin 
pieces are preferable and perfusion is advisable. 

Kultschitzky {Arch, mik. Anat,, 'sdvi, 1895, p. 675) studies 
the musculature in sections (of material from liquid of Muller) 
stained for a day or more in a solution of lakmoid in ether and 
mounted in balsam. 

For elastic fibres he puts sections for half an hour or a day into 
a mixture of 800 parts 96 per cent, alcohol, 40 parts 1 per cent, 
solution of carbonate of potash, 2 parts Magdala red, and 1 part 
methylene blue. 

For the blood vessels he puts sections of Muller material for a 
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few miiiutes into a solution of 1 or 2 parts of Saurerubin in 400 
parts of 3 per cent, acetic acid, washes out in 2 per cent, acetic 
acid, and after-stains in a similar solution of helianthin or wasser- 
blau until the red only remains in the erythrocytes. 

Reticular (lattice) fibres are best studied by the various silver 
techniques and their modifications. Foot {Anat, Bee,, xxxvi, 
1927, p. 99) fixes in Zenker directly or after perfusion, or in 
10 per cent, neutral formoL He impregnates (a) by his modifica- 
tion of the Bielschowsky technique (Journ. Lab, and Clin, Med,, 
ix, 1924, p. 777), (b) by his modification of Hoiitega’s silver 
ammonium carbonate technique {Arch. Path,, iv, 1927, p. 36), 
and (c) by his modification of Achucarro’s silver tannate method 
(Arch, Path,, iv, 1927, p. 211). The original papers should be con- 
sulted. 

Probably the simplest and most successful of the silver tech- 
niques for reticular fibres is that recently devised by Wilder 
(Amer, Journ, Path,, xi, 1935, p. 817). Tissues are fixed in 10 per 
cent, formalin, acetic-Zenker or formol-Zenker. Tissues may be 
imbedded in paraffin, celloidin or cut as frozen sections. Paraffin 
sections are brought to ivater, celloidin sections are stained in 
dishes before mounting, and frozen sections may be stained in 
dishes or mounted on slides and attached with thin celloidin. 
They are then treated as follows : — 

Pre-treatment, Place the sections in 0*25 per cent, potassium 
permanganate or in 10 per cent, phosphomolybdic acid for one 
minute. Rinse in distilled water and place in hydrobromic 
(Merck’s concentrated, 34 per cent., 1 part ; distilled water, 
3 parts) for one minute. Hydrobromic acid ma}^ be omitted 
following the use of phosphomolybdic acid. 

SenMidmtion, Wash in tap water, then in distilled water and 
dip in 1 per cent, uranium nitrate (sodium free) for five seconds 
or less. 

Impregnation, Wash in distilled water for ten to twenty 
seconds and place in silver diamino hydroxid (Foot) for one 
minute : — 

To 5 c.c. of 10*2 per cent, silver nitrate add ammonium hydroxide 
drop by drop until the precipitate which forms is dissolved. Add 
5 c.c. of 3*1 per cent, sodium hydroxide and Just dissolve the 
resulting precipitate with a few drops of ammonium hydroxide. 
Make the solution up to 50 c.c. with distilled water. 

Reduction, Dip quickly in 95 per cent, alcohol and reduce 
for one minute in the following solution : — 

Distilled water, 50 c.c. ; 40 per cent, neutral formalin 

(neutralised with magnesium carbonate), 0*5 c.c. ; 1 per cent, 
uranium nitrate, 1 *5 c.c. 

Toning, Wash in distilled w-ater and place in 1 : 500 gold 
chloride (Merck’s reagent) one minute. Rinse in distilled water. 
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Place in 5 per cent, sodium thiosulphate (hyposulphite) one to 
two minutes. 

Counter staining and Mountmg, Wash in tap water ; counter- 
stain, if desired, with hsematoxylin and Van Gieson, or hsernatoxylin 
and eosin ; dehydrate in alcohol. Clear in xylol and mount 
in balsam. The use of ammonia must be avoided in blueing 
sections after haematoxylin as it dissolves the silver. 

The use of distilled water and- clean glassware for all solutions 
is essential. All the solutions may be used repeatedly and kept 
in Coplin jars for several days. The solutions keep without 
disintegrating in amber glass-stopped bottles for an indefinite 
time. But the ammoniacal silver nitrate solution should not he stored 
for more than a few days because it may become explosive » 

Another variant is that of Gordon and Sweets (Amer, Journ. PatK^ 
xii, 1936, p. 545). It is claimed that this method gives impregnation 
of the finest fibres, while not requiring precise or rapid changes of the 
sections from one solution to another. 

1. Fix in 10 per cent, aqueous formalin or in Bouin’s solution. 2. Cut 
frozen sections or imbed blocks in paraffin or in ceiloidin. Affix frozen 
or paraffin sections to slides by Wright’s technique or by Mason’s 
gelatin glue method, or ensheath in ceiloidin by Warthin’s molasses- 
celloidin sheet method. 3. Oxidise for one to five minutes in acidified 
permanganate solution : 47*5 c.c. of 0-5 per cent, aqueous potassium 
permanganate plus 2-5 c.c. of 3 per cent, sulphuric acid. 4. Wash in 
water. 5. Bleach until white in 1 per cent, oxalic acid. 6. Wash in 
tap water and two changes of distilled water. 7. Mordant for fifteen 
to thirty minutes (or longer) in 2-5 per cent, aqueous iron alum. 8. 
Wash in two or three changes of distilled water, 9. Impregnate for a 
few seconds in diamino silver hydroxide. To 5 c.c. of 10*2 per cent, 
aqueous silver nitrate solution add strong ammonium hydroxide 
solution, drop by drop, until the precipitate is just dissolved. Add 
5 c.c. of 3*1 per cent, sodium hydroxide to the ammoniated silver 
solution, redissolve the resultant precipitate with a drop or two of 
strong ammonium solution and dilute to 50 c.c. with distilled water. 
10. Wash briefly in distilled water. 11. Reduce in 10 per cent, aqueous 
formalin. 12. Wash in water, (If the sections are over-impregnated 
repeat the process from step 7.) 13. Tone in 0*2 per cent, yellow gold 
chloride one to three minutes. 14. Wash in tap water. 15. Fix in 
5 per cent, sodium thiosulphate five minutes. 16. Wash well in tap 
water. 17. Dehydrate in 80 per cent, and in 95 per cent, alcohol. 
18a. For sections affixed by Wright’s method. Complete dehydration 
in absolute alcohol and dissolve ceiloidin in equal parts of absolute 
alcohol and ether. 18b. For ceiloidin or ceiloidin sheet sections. 
Complete dehydration in carbol-xylol (xylol 2 parts, phenol 1 part) 
19. Clear in xylol. 20. Mount in balsam. 

962, Lymphatic Glands. The methods applicable to this 
spleen are in use with these glands. For reticular fibres especially, 
see Roessle and Yoshida {Beitr. path. Anat, xlv, 1909, p. 110, 
or Zeit, wiss. Mik., xxvi, 1909, p. 295). Sections stained with 
hsematoxylin and eosin, or Weigert’s iron hsematoxylin, oi 
Bielschowsky’s neurofibril stain as applied by Maresch {ZeiL wiss. 
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MiL, xxiii, 1906). The sections should not remain for more than 
fifteen to thirty minutes in the oxide bath. 

963. Eidney. Sauer {Arch mile, AmiL, xlvi, 1895, p. 110} 
finds that for the renal epithelium the best fixative is Carnoy’s 
acetic alcohol with chloroform (three to five hours, washing out 
with absolute alcohol). A mixture of 9 parts alcohol with 1 of 
nitric acid is also good, as is the liquid of Perenyi. He stains 
with iron hsematoxylin, and after-stains in a very weak solution 
of Saurerubin in 90 per cent, alcohol, which stains the ciliary 
plateau. He macerates with iodised serum or one-third alcohol, 
staining afterwards with dahlia. Oliver {Arch, Path., xviii, 
1984, p. 777) has been able to isolate whole kidney tubules by 
macerating fresh or formol fixed material in concentrated hydro- 
chloric acid for two to seven days ; after adequate maceration 
the tissue is carefully rinsed in several changes of distilled water. 
See under “ Maceration,” § 522. 


McGregor (Amer. Journ. Anat., v, 1929, p. 545), in his study of 
the glomerulus finds three stains to be the most useful : (a) Heidenhain 
azan carmine, (b) Ohmori’s reinblau-picric acid, (c) Lee-Brown’s modifi- 
cation of Mallory’s anilin blue. The first of these is a slightly modified 
form of that given in §1060. The reinblau-picric acid stain of Ohmori 
(Virch. Arch., ccxxxiv, 1921, p. 53) is as follows : Nuclei are stained 
for at least thirty minutes in acid fuchsin or lithium carmine, and 
then for one minute in reinblau-picric acid. This is prepared by adding 
a concentrated watery solution of reinblau to a concentrated watery 
solution of picric acid until a dark green colour appears.* Sections are 
differentiated in absolute alcohol, xylol, balsam. 

Mallory’s anilin blue (modified by Lee-Brown, Joum. Urol., xxi, 
1929, p. 259) is as follows : Acid fuchsin 1 per cent, for thirty seconds. 
Distilled water one to two minutes. Mallory’s stain : 


Anilin blue 
Orange G . 
Fhosphomolybdic acid . 
Distilled water . 


0-5 grm. 
2-0 „ 
2*0 „ 
100 e.c. 


one to five 
minutes. 


Distilled water for two to five minutes. Phosphomolybdic acid 1 per 
cent, for thirty seconds. Distilled water one to two minutes. Dehy- 
drate, clear mount. 


Arnolb (Anai. Anz., xxi, 1902, p. 417) employs intra-vitam 
staining method>s for the study of the granules of the epithelial 
cells. Sections of fresh kidney are cut with a Valentin’s knife, and 
brought into a very dilute solution of neutral red, or methylene 
blue, in which the granules stain in a few minutes or hours. Or 
saturated solutions of the dyes, or of indigo carmine, may be 
injected subcutaneously during life, at intervals of fifteen to 
twenty minutes, and after two to five injections the organ may be 
excised and sections made and examined (see §§ 627 and 628). 

For demonstration of the membrana propria, see Frisch {Anat. 
Anz., xlviii, 1915, p. 284). 

For the micro-chemical demonstration of urea, uric acid, and 
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sodium urate, see Schultz {Nirch. Arch,, cclxxx, 1913, p. 519), 
Alkaline phosphatase can be demonstrated by Gomori’s Tech- 
nique {Journ, Comjp. Cell Phys,, xvii, 1941, p. 71 and § 721). 

964. Pancreas. Zymogen granules stain well with eosin, acid 
fuchsin, or iron hgematoxylin after the usual fixatives. Good 
cy tological results are obtained by the methods given in §§ 904 et seq. 
For the Golgi apparatus, both Da Fano’s formalin silver nitrate 
and the Nassonow modification of the Kolatchew technique 
(Arch, /. mik. Anat, xcvii, 1923, p. 136; ciii, 1924, p. 437) 
are in use. The pancreas stains well supravitally or intravitally 
with neutral red or Janus green. With the former dye the prozy- 
mogen granules are stained and later the large Krinom bodies of 
Chlopin {Arch, fur exp. Zellf., iv, 1927, p. 462) are formed. 
Hirsch ZellfoTSch, xiv, 1932, p. 517 ; xv, p. 37). Duthie 
{Proc, Boy. Soc., Series B, cxiv, 1933, p. 20), 

965. Methods for Islet Tissue. (Bensley Amer. Journ. Anat, 
xii, 1911). Animal killed by bleeding ; a cannula introduced 
into aorta axid a solution of neutral red in isotonic salt solution 
containing 1 in 15,000 neutral red, is injected. Immediately after 
the pancreas has assumed a faint rosy tint a part of the organ is 
removed— the islets of Langerhans stain intense yellow-red, and 
rest faint rosy-pink. In a short time after mounting the islets 
remain the only stained elements, owing to bleaching in the acini. 
Method applicable to the counting of the islets of Langerhans* 

Janus Green Method. Islets deep blue on a red background. 

Pyronin Method for Ducts. Inject a 1 in 1000 solution of 
pyronin, as above, for neutral red method. The ducts stain 
intensely red. Double stains may be made by injecting mixed 
Janus green and pyronin (Bensley, op. cit). 

Methylene blue, 1 in 10,000, may also be used for this purpose. 
After injection fix in 5 per cent, anamonium molybdate, for which 
see also Chapter XXV. 

Geand-Moursel and Tribondeau (C. R. Soc. Biol., liii, 1901, 
p, 187) recommend for Nicolle’s ‘Hhionine ph^niqu^e,” 

which stains the islets of Langerhans hardly at all, the rest 
strongly. 

Lane’s Methods for Demonstration of A Cells of the Islets of 
Langerhans. 1. Fix tissue for from two to four hours in equal 
parts of saturated alcoholic solution of mercuric chloride and 2| 
per cent, potassium bichromate. Wash in 50 per cent, alcohol, 
then upgrade and imbed; 3ft sections are stained in neutral 
gentian, obtained by precipitation of equivalent solutions of 
gentian violet (crystal violet) and orange G. If the correct 
quantity of the latter is added to the former, a practically com- 
plete precipitate is obtained. The precipitate is soluble in 
alcohol or acetone. For staining add the stock alcohol solution 
to 20 per cent, alcohol until a solution having the colour of good 
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hiemaliim is obtamed. Allow to stand for twenty-four hours. 
Stain for twenty-ibur hours, blot, dehydrate in acetone, toluol, 
differentiate in absolute alcohol 1 part, oil of cloves 3 parts, 
wash in toluol, and mount in balsam. 

2. Fix in 70 per cent, alcohol, then stain in neutral gentian as 
above. 

Lane’s Methods for Demonstration of B ceEs of the Islets of 
Langerhans. Fix for four to twenty-four hours in : — 

KoCr207 2-5 grm. 

HgCla 5-0 „ 

Aq. dest. . . - . . . 100*0 c.c. 

Dehydrate, clear, imbed, and section ; stain in neutral gentian 
as above. 

Formalin Bichromate Method for Fixation. This gives a 
very regular and reliable fixation, and is suitable where one is carry- 
ing out observations which necessitate a successful routine method. 
Bensley (op. cit) uses 10 c.c. of neutral formalin to 90 c.c. of 
Zenker’s fluid without acetic acid, for twenty-four hours. Stain 
in neutral gentian, acid fuchsin and toluidin blue, iron hasma- 
toxylin or Mallory (§ 1023). 

Homans {Joivrn, Med, Research, xxx, 1914), used Bensley’s 
modified Altmann fixative (OSO4 of 4 per cent., 2 c.c. ; potassium 
bichromate of 2*5 per cent., 8 c.c. ; glacial acetic acid, 1 drop), 
Lane’s methods (vide supra), and ordinary haematoxylin and 
eosin. 

Very good results are obtained after this fixative, using the 
Cowdry-Bensley acid fuchsin methyl green stain. Bensley’s 1911 
article should be consulted for details of other staining methods. 

Bowie (Anat. Rec,, xxix, 1925, p. 57) fixes in HgClg 5 grin., 
KgCraO^ 2| grm. Glacial acetic acid 2 c.c. and distilled water 
100 c.c., made freshly before use. He then stains in a modification 
of Bensley’s neutral gentian in which basic ethyl violet is substi- 
tuted for gentian violet and biebrich scarlet for orange G, made 
as follows : Watery solutions of biebrich scarlet (Amer. Aniline 
Products), and basic ethyl violet (Nat. Aniline Co.) are filtered 
and mixed in the proportion of one to two. The precipitate is 
washed in distilled water, dried in warm air, weighed, and a stock 
solution made in absolute alcohol. Stain for twenty -four hours 
in a solution of 1 mgm. of the dye in 100 c.c. of 20 per cent, alcohol. 
Rinse in acetone and differentiate in Bensley’s mixture of absolute 
alcohol 1, oil of cloves 3, controlling under microscope. Staining 
may be prolonged without harm — a cells are blue, j8 cells purple, 
y cells bright red—different results are obtained if acetic acid be 
omitted from the fixative. 

Bloom Rer.j Xxxix, 1931, p. 1931) fixes in Maximow’s Zenker 

fluid and stains in Mallory’s azan stain granules of A cells light 
red, B cells grey orange and D cells blue. 
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See also Babkin, Rubaschkin and Ssawitsch (Arch. f. Mik. AnaL, 
Bd. 74 ; Helly, ibid,, Bd. 67) ; Lane Journ. An'at,, vii, 1907) ; 

Saguchi {ibid,, vols. 26 and 28); Clara {Z, f, mik, Anat, Forsch), i, 
1924, p. 4) ; Kolossow (ibid., xxvii, 1927, p. 43). 

Also two recent methods; the phosphotungstie acid method of 
Richardson (Ptoc, Roy, Soc., cxxviiiB, 1939, p. 153) and the chrome 
alum hsematoxylin method of Gomori (Amer, Jour, Path,, xvii, 1941, 
p. 395). 

966. Thyroid. Bensley {Amer, Journ, Anat,, xxix) 1916, 
uses brazilin and water blue. Fix gland in Zenker-formol. Sec- 
tion in paraffin and fix sections to slide with water alone or very 
little albumen ; pass through toluol, absolute alcohol, water, 
iodise, and place in this brazilin solution for several hours : — 
Phosphotungstie acid . . . . 1-0 grm. 

Distilled water ..... 100*0 c.c. 

Brazilin . ..... 0*05 grm. 

The brazilin is first dissolved in a small quantity of distilled 
water by the aid of heat and added to the phosphotungstie acid 
solution. This solution goes bad after three days. After staining 
in the brazilin, wash in water, and place for five minutes in this 
mixture : — 

Phosphomolybdic acid . . . 1*0 grm. 

Water blue . . . . . 0*2 „ 

Water . ..... 100*0 c.c. 

Wash rapidly in water, dehydrate in absolute alcohol, clear in 
toluol, and mount in balsam. Cytoplasm stains blue to lilac, 
nuclear chromatin deep red, contents of thyroid vacuoles sky 
blue, and colloid droplets of Hurthe deep blue to deep red. The 
Azan method gives ^excellent results (Thomas, Anat, Rec,, Ixxxix, 
1944, p. 461). 

Williamson and Pearse {Journ, of Anat, Ivii, 1923, p. 193) 
fix and mordant in a special solution made as follows : Potassium 
bichromate 40 grm., chromium fluoride 40 grm., are dissolved by 
boiling for half an hour in 2000 c.c. of distilled water. The solution 
is cooled, filtered, and 100 grm. of mercuric chloride is dissolved 
by boiling in the filtrate. Pieces less than 3 mm. in thickness are 
fixed, hardened and mordanted in twelve hours and after washing 
in water are imbedded in paraffin, celloidin, or gum. The fluid 
may also be used as a simple mordant after formol, alcohol, or 
osmic fixatives, but pieces must be first well washed, acetic^ formic 
and osmic acids being inimical to the mordanting. Sections are 
brought to alcohol and I 2 is used to remove crystals as w^ell as 
for some action which it exercises. The sections are then trans- 
ferred to 95 per cent, alcohol for half an hour, and are then brought 
to water where they are treated with | per cent. KMnO^ for ten 
minutes, follow^ed by 5 per cent, oxalic acid until just decolourised, 
and are washed in inmning water for ten minutes. They are 
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then stained in Mallory’s phosphotungstic hieniatoxylin (§ 806 ) 
for fifteen to twenty -four hours and brought to mounting after 
washing. 

Hater {Journ, Path, and Bact, xxx, 1927, p. 621) fixes in 
7 per cent, formol or in a mixture of formol 5, acetic acid 5, and 
Muller’s fluid 90, and stains in a variety of stains. See also Krause 
(Virch. Arch,, ccxviii, 1914, p. 107); Severinghaus (Zeitoe/if. 
fur Zellf., xix, 1983, p. 653). 

967. Thymus. The usual histological methods give good results. 
For hfematological studies the Maximow Zenker fixative is 
recommended. 

Dearth {Amer, Journ, Anat,, xli, 1928, p. 321) fixes in Carnoy’s 
fluid (§ 89) and stains in hsematoxylin followed by orange G or 
picro-fuchsin. See also Salkind {Anal, Anz,, xli, 1912, Nos. 6 
and 7). - 

968. Adrenals. Chromaffin tissue, Wiesel (Anat. IIefte,,xix, 
1902, p. 481) fixes one to four days in 5 per cent. K 2 Cr 207 , 10 c.c. ; 
10 per cent, formol, 20 c.c. ; distilled water, 20 e.c. Tissues are 
then placed in 5 per cent. K 2 Cr 207 , for one or two days, washed 
one day in water and imbedded. Sections are stained twenty 
minutes in 1 per cent, toluidin blue or wasserblau, washed five 
minutes in water and stained twenty minutes in 1 per cent, 
safranin. They are then differentiated in 95 per cent, alcohol to 
a blue shade, then dipped in 95 per cent, alcohol, cleared in 
carbol xylol, xylol and mounted in Canada balsam. 

In general chromaffin tissue is fixed and stained by those 
fixatives containing chrome or osmic acid by a simple reduction 
due to adrenalin. Post chroming brings out the reaction in the 
former case. ^ 

Cramer (Journ. Physiol., Proc, of Physiol. Soc., lii, 1918, p. 1) 
fixes the adrenals of rats and mice by suspending them in a wet 
gauze bag at 37“ C. for one and a half hours in a closed tube con- 
taining osmic acid, The tissue is then transferred to 50 per cent, 
alcohol and is imbedded in wax. Sections may be mounted 
directly without further staining. Both cortical lipoids and 
adrenalin are blacked by the osmic acid, but the former staining 
is removed by turps. The author finds that the staining is better 
than with osmic acid bichromate solutions. 

Ogata and Ogata (Ziegl. Beitr., Ixxi, 1923, p. 376), after 
fixation in Orths’ formol (any formol bichromate fixative will do), 
stain twenty-four hours in Giemsa (10 drops to 10 c.c. distilled 
water). After washing this is differentiated in 0*25 per cent, 
acetic acid and brought through alcohol, xylol to balsam. A 
modification in the case of frozen sections permits their being 
dried and blotted and differentiated in acid free acetone, i.e, 
acetone which has been shaken up with calcium acetate in con- 
centrated solution. 
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Hoare (Amer, Journ. Anat, xlviii, 1931, p. 139) finds that the 
following mixture is the best fixative ; K2Cr207 2| grm., HgCl2 
5 grm., and water 100 c.c., to which neutral formol is added 
immediately before use in the proportion of 1 part formol to 9 of 
solution. Fixation is carried out for twenty -four hours, after 
which the pieces are put with various bichromate and osmic 
hardening mixtures for three to forty-two days. The original 
paper should be consulted in view of the large number of methods 
used. 

Whitehead (Journ. Path, and Bad,, 1932, p. 415) fixes in 
5 per cent. K2Cr207, to which an equal volume of 10 per cent, 
formol saline is added after two hours and fixation is carried 
our for twenty-four hours. He stains in hsematoxylin and 
eosin. Mallory’s connective tissue stain may also be used. 

969. For chromaffin glands in general, see Wistlocki {Bull, 
Johns Hopkins Hospital, xxxiii, 1922, p. 359), who employs very 
similar methods. 

The intracellular lipoids may be studied in material fixed in 
osmic fixatives after paraffin imbedding. Post osmication is 
desirable. They may be stained in frozen sections by the usual 
fat stains. 

Deansley {Amer, Journ, Anat,, xlix, 1931, p. 475) fixes in 
Flemming’s chrome osmium mixture (§ 50) or uses Ciaccio’s 
lipoid technique. 

Whitehead {Journ, Path, and Bad,, xxxix, 1934, p. 443) uses 
the Schultz’ cholesterol reaction (§ 699) for demonstrating this 
substance in the cortex ; {ibid,, xii, 1935, p. 305) he uses the 
Sudan IV fat stain with frozen sections of material fixed in formol 
saline. Sudan Black B in 70 per cent, alcohol is a better stain 
to use. For detection of vitamin C use Bourne’s method {Quart, 
Journ, Mic, ScL, Ixxxiii, 1942, p. 259). Fix for half to two hours 
in 10 per cent, silver nitrate containing 10 per cent, acetic acid. 
Wash thoroughly in distilled nitrate water, dehydrate and imbed 
in paraffin. 

970. Pituitary. Numerous methods of differential staining have 
been developed for the anterior- lobe cells. Good results are 
obtainable after most fixatives with Mallory’s triple stain or 
Heidenhain’s azan stain. Ste Bwou {Anat Rec,, xlix, 1930, 
p. 363) ; Rasmussen {Amer. Journ, Anat, xlvi, 1930, p. 461) ; 
Colin {C,R. Soc, Biol,, Ixxxix, 1923, p. 1229} ; stains in mixtures 
of acid fuchsin, light green and methyl blue. 

Cleveland and Wolfe {Anat Bee., li, 1932, p. 409) demon- 
strate four types of cell as follows. Fix in Regaud’s fluid, changing 
each day, and transfer to 3 per cent. K2Cr207, changing every 
twenty -four hours. Wash twenty-four hours and dehydrate 
slowly, cedar wood oil, xylol, and imbed at 60® C. Stain two to 
three sections in Ehrlich’s hsematoxylin for three minutes and 
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rinse in distilled water. Blue in dilu,te iithiiuii carbonate and 
transfer to 5 per cent. K 2 Cr 207 , for three days, changing daily 
and keeping in the dark. Rinse in distilled water and stain 
twenty to thirty minutes in 5 per cent, erythrosin. Pass through 
two changes of distilled water and stain in 2 per cent, orange G 
ill 1 per cent, phosphomolybdic acid for two or three minutes. 
Rinse and immerse in 1 per cent, anilin blue for thirty to sixty 
seconds. Rinse, pass through 95 per cent, alcohol and mount. 
Only Griibler’s stains used. See also ibid., v. 1931, p. 409, and 
Ztschf.fur Zellf., xvii, 1983, p. 420. 

Probably the best and simplest pituitary stain for routine 
work is that of Biggaht {Edinburgh Med. Journ., 1935, p. 42). 
Fix Zenker rfonnol eighteen to twenty-four hours. Stain thirty 
to thirty-five minutes at 50° C. in a mixture of equal parts of 
0‘5 per cent. aq. eosin yellow and 0*3 per cent, pyrrol blue (isamine 
blue). Differentiate in the following 5 per cent, sodium carbonate 
10 parts, absolute alcohol 40 parts. Mount in Gurr’s neutral 
mounting medium or neutral balsam. Acidophil cells red, 
basophils deep blue, chromophobe cells light blue. 

Crook and Russell (Journ. Path, and Bad., xl, 1935, p. 256) use 
the following method for differential cell counts after formol saline 
fixation. Sections are brought to water and are mordanted twelve to 
eighteen hours in 2*5 per cent. KgCraO^ 95 parts, glacial acetic acid 
5 parts, washed in running water for two minutes and placed in Lugol 
iodine for three minutes or more. They are decolorised in 95 per 
cent, alcohol for one hour or more and stained in 1 per cent, acid fuehsin 
for fifteen minutes. They are then washed in running water for thirty 
seconds to five, minutes, rinsed in distilled water, and counterstained in 
Mallory’s anilin blue mixture for twenty minutes. Lastly, they are 
washed in running tap water for two to five minutes and are differen- 
tiated in 95 per cent, alcohol for twenty seconds to five minutes. 
Absolute alcohol, xylol, balsam. Before staining in acid fuehsin the 
nuclei may be stained in Ehrlich’s hsematoxylin, and differentiated in acid 
alcohol. For combined methods giving cytological details as well as 
differential staining, see Severinghaus (Ariat. Rec., liii, 1932, p. 1) 
and (ibid., Ix, 1934, p. 43). See also Maurer and Lewis (Journ. Exper. 
Med., xxxvi, 1922, p. 141) and Spark (Journ. Lab. and Clin. Med., 
XX, 1935, p. 508) for further staining methods. 

Lewis and Miller (Stain Tech., xiii, 1938) for granules in pars 
nervosa, fix in 3 per cent. aqua, potassium bichromate 2J parts, cor- 
rosive sublimate in 95 per cent, alcohol 1 part for twelve to twenty-four 
hours with one change. Dehydrate to 70 per cent, alcohol, with iodine, 
changing till solution retains colour. Dioxan eight to twenty-four 
hours three changes. Dioxan d- paraffin— pure paraffin four changes— 
Section 4 microns-— -down grade, stain in 0*25 per cent. aqua, acid 
fuehsin thirty minutes, transfer to Mallory’s aniline blue orange G, 
phosphotungstic acid from one to twenty-four hours. Differentiate in 
95 per cent, alcohol until no more comes out, pass to absolute alcohol, 
xylol balsam. 

The Kresazan method of Romeis (Eandb. d. mik. Anat. v. 
MoUendorf., 1940) is important because it has enabled him to 
differentiate new cell types. 
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1. Fix in Susa and imbed by the Peterfi methyl benzoate-celloidin 
double imbedding method. 

2. Cut 5 ju, sections. Remove the celloidin with ether and alcohol. 

3. Stain in a freshly prepared solution of resorcin-fuchsin in 80 per 
cent, alcohol for one to twelve hours until the jS cells are stained. 

4. Differentiate in three changes of 96 per cent, alcohol — fifteen 
minutes. 

5. Treat with anilin-alcohol (OT c.c. of anilin in 90 per cent, 
alcohol) — fifteen minutes. 

6. Stain with Azocarmine for three-quarters to one hour at 58° C. 
and differentiate in anilin alcohol (see para. 811, 10th Ed.) until the 
a cells are clearly stained and the connective tissue is colourless. Rinse 
quickly in acetic alcohol ; wash in distilled water. 

7. Stain for five minutes in a 2 per cent, aqueous solution of orange G 
containing 1 per cent, phosphomolybdic acid. 

8. Rinse in water. 

9. Mordant in 5 per cent, phosphomolybdic acid — ^four minutes. 

10. Dry with filter paper. 

11. Stain for forty minutes in anilin blue prepared thus : Dissolve 
0-5 grm. of water soluble anilin blue in 100 c.c. of distilled water. 
Add 8 c.c. of acetic acid. Warm ; then filter when cold. Before use, 
dilute 1 part of this stock solution with 2 parts of distilled water. 

12. Rinse in distilled water. 

13. Differentiate in 96 per cent, alcohol imtil no more colour comes 
away from the section. 

14. Dehydrate, clear and mount in balsam. Results : a cells, bright 
red ; jS cells, dark brownish to bluish violet ; y cells, light violet ; 
S cells, cobalt blue ; € cells, orange. Connective tissue, blue. Colloid, 
blue and red. 

Dawson, A. B. (Stain Tech,^ xiii, 1938). Differentiates two classes 
of acidophiles in the anterior pituitary of the female rabbit and cat as 
follows : Tissue is fixed for twenty-four hours in a saturated solution 
of corrosive sublimate in physiological saline (90 parts) and formalin 
(10) parts and washed directly in 70 per cent, alcohol for forty-eight 
hours. Sections are treated on the slide with a 3 per cent. sol. of 
potassium bichromate for twelve hours. Two classes of acidophiles are 
demonstrated : one which stains selectively with azocarmine ; and the 
ordinary acidophile which stains with orange G. The special acidophile 
has been demonstrated in the female rabbit and cat, but has not been 
found in the mouse or rat. See also Koneff (Stain Tech., xiii, p. 193), 
and Halt, and Hunt (Anat. Rec., Ixxii, 1938). 

Heklant (Nature, clxiv, 1949, p. 703) uses the Hotchkiss periodic 
acid-Schiff method for demonstrating the mucoprotein nature of the 
granules of the cyanophii cells. 


CHAPTER. XXXIV 

BONE, TEETH, AND , SKELETONS OF EMBRYOS * 

971. Bone, Non-deca!dfied. Ranviee {Imite, p. 297) has the 

following : 

Bones should be plunged into water, without being allowed 
to dry, as soon as the surrounding soft parts have been removed, 
and should be divided into lengths with a saw whilst wet. The 
medulla should then be driven out from the central canal by 
means of a jet of w^ater ; spongy bones should be treated as 
follows : 

An epiphysis having been removed, together with a small 
portion of the diaphysis, a piece of caoutchouc tubing is fixed 
by a ligature on to the cut end of the diaphysis, and the free end 
of the piece of tubing adapted to a tap through which water 
flows under pressure ; they are then put to macerate for several 
months, the liquid being changed from time to time. As soon 
as all the soft parts are perfectly destroyed, the bones may be 
left to dry. 

Thin sections may then be cut with a saw and prepared by 
rubbing down with pumice-stone. Compact pumice-stone should 
be taken and cut in the direction of its fibres. The surface should 
be moistened with water and the section of bone rubbed down on 
it with the fingers. When both sides of the sections have been 
rubbed smooth in this way, another pumice-stone may be taken, 
the section placed between the two, and the rubbing continued. 
As soon as the section is thin enough to be almost transparent it 
is polished by rubbing with water (with the fingers) on a Turkey 
hone or lithographic stone. Spongy bone should be soaked in 
gum and dried before rubbing down (but see Von Koch’s copal 
process and Ehrenbaum’s colophonium pi-ocess), 

Schaffer (ZeiU miss. Mik,, 1S9S, p. 171) grinds and polishes on 
stones of graduated fineness. 

Rose (Anat. A?iz., \di, 1892, pp. 512-519) follows Koch’s process. He 
penetrates first with a mixture of cedar oil and xylol, then with pure 
xylol, and imbeds in solution of Damar in chloroform or xylol. The 
method can be combined with Golgi’s impregnation. 

Fanss (AnaL Record, xiv, 1918, p. 498) employs sand or carborundum 
paper of different grades of coarseness for grinding, using the back or 
smooth side of a piece of sandpaper for polishing the section. He 
recommends shellac in preference to balsam for attaching the section 
to the glass slip. 

* For a detailed review of the whole subject see the paper of Schaffer 
in Zeit. wuH, Mik., x, 1898, p. 167, or the article “ Knochen imd Zahne ” 
in Enzyk. mik. Tecimik, 

t Revised by J. T. C. and J. B. G. 
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Teieost Fish Otoliths. M. Johnston {Journ. Boy, Mic. Soe., Iviii 
1938) points out that most otoliths require some degree of grinding on 
the convex surface before zones can be detected in them. For surface 
grinding and polishing, they are mounted, preferably with balsam, 
on the rounded end of a glass rod. The actual grinding is done with a 
razor hone made from Solenhofen lithographic slate ; the polishing, 
with Jeweller’s rouge. Examination of otoliths particularly through 
the surfaces, is aided by the use of proper media of high refractive 
index. Best results are obtained with aniline, aniseed oil and aqua sol. 
of chloral hydrate. This method is suitable for hard bone and teeth. 

972. White {Journ. Roy. Mic, Soc., 1891, p. 307) recommends the 
following : Sections of osseous or dental tissue should be cut or ground 
down moderately thin, and soaked in ether for twenty-four hours or 
more. They should then be put for two or three days into a thin solu- 
tion of fiichsin in collodion, then into spirit to harden the collodion. 
After this they are ground down to the requisite thinness between 
two plates of old ground glass with water and pumice powder, and 
mounted, surface dry, in stiff balsam or styrax, care being taken to use 
as little heat as possible. Lacunae, canaliculi, and dentinal tubuli are 
found infiltrated by the coloured collodion. 

Hanazawa (Dental Cosinos, lix, 1917, pp. 125 et seq.) gives a number 
of methods for staining ground and decalcified sections of dentine to 
demonstrate its minute structure. 

Matschinsky (Arch. mik. xxxix, 1892, p. 151, and xlvi, 1895, 

p. 290), after grinding, impregnates with nitrate of silver. 

For similar method of Rupiiecht, see Zeit, wiss, Mik., xiii, 1896, p. 21, 
wherein see also quoted (p. 23) a method of Zimmermann. 

CsoKOR (Fer/?. anat Ges., 1892, p. 270) describes a saw which will cut 
fresh bone to 120 y, ; and Arndt (Zeit. wiss, Mik., xviii, 1901, p. 146) a 
double saw which will also give very thin sections. 

973. Mounting. To show lacunae and canaliculi injected with 
air, take a section, or piece of very thin flat bone, quite dry. 
Place on a slide a small lump of solid balsam, and apply just 
enough heat to melt it. Do the same with a cover-glass, place 
the bone in the balsam, cover, and cool rapidly. 

When thin ground sections of enamel are mounted in Canada 
balsam it is found often that they appear almost structureless. 
To demonstrate the enamel pattern of such sections they may 
he etched by immersion in 0*6 per cent, of hydrochloric acid in 
70 per cent, alcohol, or in a weak aqueous solution of picric acid, 
ancl mounted in Camsal balsam or Euparal, media which, on 
account of their low index of refraction, will be found to disclose 
the structure of the enamel more easily. 

974. Ebner’s Method for Bone Fibrillae and Lamellae. The 
NaCl — HCl method recommended by Ebner is very useful when 
demonstration of the fibrillse and lamellae of bone tissue is desired. 
It is also applied for demonstration of the primitive rods. How- 
ever, this method damages cell structures and nuclear staining. 

Decalcification ; solution ; 100 c.c. of saturated sodium chloride 
is diluted with 100 e.e. of water and 1 c.c. (for teeth use 10 to 20 c.c.) 
of commensal hydrochloric acid is added. During the decalcification 
process, 1 to 2 c.c. of IlCl are added daily until the bones become 
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flexible ; they are then washed out for a few days in a saturated solution 
of sodium chloride. The solution soon becomes acid, but is continuously 
neutralised by the addition of traces of dilute ammonia. Rinsing out 
continues until the bones cease to lose acid. 

Ebner’s fluid acts very slowly, but gives good results. The thin 
well-washed sections are stained in gentian violet and differentiated 
with anilin oil and xylol (2 : 3). This process ensures the staining of the 
ground substance, fibriilse of Ebner, and the Sharpey fibres. 

975. Decaidfication of Bones and Teeth. For many de- 
calcifying methods refer to Chapter XXIII. In adult teeth 
especially the enamel and dentine decalcify at different speeds, 
the former first. The enamel tends to lift away from the dentine. 
Reference may be made to Gosta Gustafson, Odontol, Tidsk., 
Vol. 53, 1945, R. Sognnaes, J. Dent Ees,, 27, 1948, E. B. Brain, 
Brit Dent Jour., Vol. Ixxxvii, 1949. For staining enamel 
Gustafson recommends alcoholic diamond fuchsin or methylene 
blue after forniol fixation. He recommends silver nitrate on 
fresh material. Vital staining can be done by sealing methylene 
blue in a cavity in a tooth. To show enamel test, it is necessary 
to decalcify ground sections in celloidin. He specially recommends 
Forshufvud’s pressure method (Odont Tidsk., Vol. 52, 1944). A 
long account of the pressure method will be ibund in Sognnae’s 
paper quoted above. F orshuf vud advocates simultaneous fixation 
and decalcification (HNO3 and formalin, see §§ 560, 563). He 
used in his work a pressure of 60 pounds, that is four times the 
atmospheric pressure. Sognnaes noted that 10 pounds pressure or 
above, suppresses the formation of gas bubbles (CO 2 ). He describes 
a deealcifler made of acid-resistant methyl-metharcrylate plastic. 
He instals it in an ice-box. By using a double tank deealcifler, he 
is able to irrigate the objects at will without lowering the pressure. 
The tubes connecting the two tanks, etc., are made of acid- 
resistant Inconnel metal. This apparatus should have a wide 
application in histological technique. 

Beain {op, cit), has tackled the problem in a different way. To cut 
sections of a given area of a tooth, he first exposes the dentine, not too 
near the spot, then coats the enamel with sticky wax after drying the 
surface with alcohol, which is allowed to evaporate. The wax is kept 
out of the area of exposed dentine which is now decalcified. Brain 
recommends for the first step 5 per cent, formic acid changed daily for 
fourteen to twenty-one days. Test progress with needle. The wax 
protecting the enamel is removed by bringing the specimen through 
solutions of alcohol (50, 70, 90 per cent, for thirty minutes each), after 
which the wax lifts easily. Now decalcify enamel in 5 per cent, formic 
acid saturated with calcium phosphate (2 per cent.) changing daily 
until the enamel is opaqxie . Too thorough deealcification will disintegrate 
the specimens which must always be very gently handled, and especially 
at this stage. Wash in three changes of 80 per cent, alcohol within a 
period of twenty-four hours, then 90, 95 per cent, and three changes 
of absolute. Clear in 2|- per cent, celloidin in methyl salicylate for at 
least forty -eight hours. Imbed from benzol (two hours) in paraffin wax. 


B0NE8 AND TEETH 


443 


Blocking is done by breaking the tube in which the tooth was imbedded. 
Sections are floated in warm water (40° C.) and transferred to 
albuminised slides. Dried in oven at 54° C. If left too long the dentine 
separates. Before staining the slide is coated with 0-25 per cent, 
cello idin. Refer especially also to § 978. 

976. Sections of Bones or Teeth showing the Soft Parts. A 
developing tooth with its epithelial enamel-organ, its mesodermal 
dentinal papilla, and its layers of partially calcified enamel and 
dentine, is made up of very delicate structures of different con- 
sistency and so is peculiarly liable to unequal shrinkage, with con- 
sequent distortion during the period of fixation and in the sub- 
sequent processes passed through in the preparation of sections. 
Further, post-mortem changes in the ameloblasts occur within a 
very few minutes after death, leading to a less precise behaviour 
to stains than is fouiad in the case of cells which are fixed 
immediately after death. 

For the examination of developing teeth in situ^ jaws may be 
fixed in corrosive-formalin-acetic mixture, in Bouin’s picro- 
formol, in Zenker’s mixture or Helly’s modification thereof, or in 
Sansom’s modification of Carnoy’s mixture (§ 90). 

For the study of the micro-anatomy of the enamel-organ and 
the dentinal papilla, a young pup or a kitten, two or three days 
old, is killed, preferably by a blow on the head. The jaws are 
removed and the bone of the under-surface of the mandible 
pared away by a sharp scalpel until the bases of the tooth-germs 
are almost exposed. The muco-periosteum is grasped with a 
pair of forceps and stripped from the bone, when the tooth- 
germs will come away attached thereto. 

Sansom’s modification of Carnoy’s mixture, employed at blood- 
heat, is particularly effective wheix the tooth-germs have been 
exposed in the manner outlined above, fixation therein being 
complete in from five to ten minutes. They are then passed 
through successive baths of alcohol of 30 per cent, and 50 per 
cent., each for fifteen minutes ; 70 per cent., to which is added 
tincture of iodine, for four hours ; 90 per cent, for thirty minutes ; 
and into two changes of absolute alcohol, each for fifteen minutes 
or longer . 

The tooth-germs are then transferred to a mixture of equal 
parts of absolute alcohol and carbon disulphide for one hour, 
two changes of pure carbon disulphide, each of fifteen minutes, 
then for thirty minutes into carbon disulphide saturated with 
paraffin at 30® C., transferred to carbon disulphide saturated with 
paraffin at 42° C. for a like period, and finally into two baths 
of paraffin, in each half an hour. Imbed for cutting in pure 
paraffin. 

By the employment of this method the amount of shrinkage 
in the tissues is extremely slight and the dentine does not become 
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hardened, so that the tooth-germs of the incisors may be cut without 
decalcification. In the case of the canine and molar tooth-germs 
a short period of decalcification may be necessary, and for this 
purpose a rapid and delicate method lies in the employment of 
Zeigler’s method {Festschr, f, Kilpffer, 1899, p. 51), in which, 
by the use of a 5 per cent, solution of sulphurous acid, the insoluble 
tricalcium phosphate is changed into the readily soluble mono- 
calcium phosphate. 

To demonstrate cytological detail no stain equals iron hsenm- 
to3^ylin followed by a counterstain of picric light green or of 
Rubin S in picrate of ammonia. 

It cannot he too strongly emphasised that the ftrecision of staining 
methods depends on the rapidity with which fixation of the tissues 
is effected after death. 

For large jaws imbedding in celloidin, or, when serial sections 
are required, double imbedding in celloidin, parlodion or photo- 
xylin and paraffin is recommended (§ 200). 

Mummery (Phil. Trans. B,, ceviii, 1917, p. 258) deprecates the 
employment of paraffin for imbedding the tooth -germs of fishes, 
considering the heat employed to be very injurious to the delicate 
enamel organs, and advocates the use of the freezing method in obtaining 
sections. See carbon disulphide method above. 

Nealey (Amer. Mon, Mic. Journ., 1884, p, 142 ; Journ. Roy. Mic. 
Soc., 1885, p. 348) says that perfectly fresh portions of bone or teeth 
may be ground with emery on a dentist’s lathe, and good sections, with 
the soft parts in situ, obtained in half an hour. 

Hopewell-Smith (Journ. Brit. Dent. Ass., xi, 1890, p. 310 ; Journ. 
Roy. Mic. Soc., 1890, p. 529} says that for preparing sections of teeth 
showing odontoblasts m situ the best plan is to take embryonic tissues. 
A lower jaw of an embryonic kitten or pup may be taken, and hardened 
in solution of Miiller followed by alcohol, then cut with freezing micro- 
tome. 

Weil (Zeit. Mik., 1888) fixes pieces of fresh teeth in sublimate, stains 
with borax carmine, brings them through alcohol into chloroform and 
chlorofomi balsam, and after hardening this by heat proceeds to grind 
as usual (§ 971). 

F. W. Cairns (Stain Tec^., xix, 1944) recommends the following 
methods of preparing bone or teeth for paraffin sectioning ; forty-eight 
hours in 10 per cent, formalin ; twenty-four hours in 70 per cent, 
alcohol ; decalcification for several days in 10 per cent. HNO 3 ; rinsing 
and transferring to 2 per cent, potassium alum for twelve hours ; 
rinsing and treating with 5 per cent. NaHCOg (or Li 2 C 03 ) for twenty- 
four hours ; washing for twelve to twenty-four hours ; then passing 
through ascending grades of alcohol to xylol. In the case of deve- 
loping teeth, a slightly different procedure is recommended : fixation 
in Heidenhain’s Susa till hard tissue is decalcified ; twenty -four hours in 
96 per cent, alcohol (with three changes) ; twenty-four hours in absolute 
alcohol ; clearing in xylol or chloroform, and imbedding in paraffin. 

977 . For the study of the vessels in teeth, Lepkowsky (Anat. 
llefte, viii, 1897, p. 568} injects with Berlin blue, hardens the 
teeth with a piece of the jaw for one or two days in 50 per cent. 
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formol, decalcifies in 10 per cent, nitric acid (eight to fourteen 
days, change frequently) and makes celloidin sections. 

For decalcification of teeth, see also § 974 (Rousseau, Bodecker 
and Fleischmann). Bddecker finds Rousseau’s process not 
applicable to human teeth ; the acid must be added to the fluid 
celloidin. 

For the study of the lymphatics in the dental pulp, Dewey and 
Noyes (Denial Cosmos, lix, 1917, pp. 436-44) first inject the 
blood-vessels with carmin-gelatine. Then 2 grm. of Prussian 
blue (oil colour in tubes) is stirred with 3 grm. of turpentine 
oil in a glass mortar for five minutes ; 15 grm. of sulphuric ether 
is added, and this fluid filtered through flannel or chamois skin. 
After the injection of this fluid the head is placed for twenty- 
four hours or longer in 20 per cent, formalin, and then the injected 
teeth are carefully removed and the pulps examined. Later it 
was found that more constant results were obtained when the 
injection of the blood-vessels followed that of the Prussian blue. 
Prussian blue injected directly into the pulps and trypan blue or 
lithium carmine injected intravenously or intraperitoneally were 
also employed. See §§ 612 et seq.. 

Wellings (Proc. Sixth InternaL Dent. Cong., pp. 47 et seq.) 
demonstrated intra-vitam staining of dental and adjacent tissues 
by means of trypan blue (§ 621). 

Mummery (Phil. Trans. B., ccii, 1912), for the fixation of the 
nerve-tissue of the dental pulp, finds formalin to be preferable to 
all other fixing agents, employing 10 parts of the 40 per cent, 
commercial formalin to 90 parts of water. 

Decalcification is effected by means of 33*3 per cent, formic 
acid. After thorough washing he leaves for twenty-four hours 
in a strong solution of dextrin (which he finds preferable to gum 
arabic), and sections are cut on the freezing microtome, by the 
employment of which he is able usually to obtain thinner sections 
than when paraffin is used for imbedding. * 

The sections are stained either by means of iron and tannin, 
ircni hematoxylin (Benda), Congo red, Ranvier’s modification 
of Lowet’s gold chloride process, or by Cajal’s method, 
where 

1. vSmall pieces of the decalcified tooth, not more than 4 mm. 
thick, are placed in 50 c.c. of rectified spirit, to which 3 or 4 drops 
of ammonia may be added, and kept in this solution for from 
four to six hours. 

2. Transfer to absolute alcohol for twenty-four hours. 

3. Rinse with distilled water. 

4. Place in a large quantity of 1*5 per cent, solution of silver 
nitrate, and keep in warm incubator at about 35® C. for five or 
six days, 

5. Rinse in distilled water for a few seconds. 
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6. Place in the following solution for twenty-four hours : — 

Hydroquinone . , . . . 1 to 1*5 grm. 

Distilled water . , • • • 

Formol ..... . 5 to 10 c.c. 

Rectified spirit . . . . . 10 to 15 c.c. 

7. Wash in water for some minutes. 

8. Cut sections, and mount. 

The presence of neroe~end cells in the dental pulp was demonstrated 
by Mummery {PML Trans, B., ccix, 1920), by means of a modification 
of the gold method of Beckwith. 

Teeth, immediately after extraction, are placed in a solution of 
formol and water or of formol and normal salt solution, preferably 4 
per cent, of formol. This is, after a few days, changed to a 10 per 
cent, solution, and the teeth kept in this for at least a fortnight. 

Decalcification is effected by means of a 33*3 per cent, solution of 
formic acid in distilled water, to which 5 per cent, of formol may be 
added. (Mummery states that neither he nor Dependorf has ever 
procured good nerve preparations of teeth which have been decalcified 
in the mineral acids.) 

Wash in running water for twenty-four hours, then for a few minutes 
in distilled w^ater. 

The pieces are taken from the distilled water and suspended by 
threads in a large quantity of a weak solution of gold chloride (1 in 
5000). Each piece should be suspended in at least 100 c.c. of the 
solution, in which it is left in the dark for from four days to one week, 
according to its size. On removal from the gold solution it is washed 
for a few minutes only in distilled water. Reduction is effected by 
placing the pieces in a 20 per cent, solution of caustic soda for four 
minutes, then rinsing in water and placing in a 10 per cent, solution of 
potassium carbonate for from half an hour to an hour. This is then 
drained off, and the pieces are placed in a 10 per cent, solution of 
potassium iodide for a short time— usually five to ten minutes. As soon 
as seen to darken, the pieces are removed from this solution to water, 
placed in gum for twelve hours, and sections cut on the freezing 
microtome. 

After dehydration the sections are mounted in camsal (propylic) 
balsam. 

VivANTE {Intern. Monatsschr. Anat. u. Phys., ix, 1892, p. 398) 
impregnates portions of frontal bone of four to six months’ calves, w^hich 
are not more than 3 to 4 millimetres thick, by Golgi’s rapid bichromate 
and silver process. After impregnation the specimens should be 
decalcified in von Ebner’s mixture (§ 974), well washed with water, and 
brought into solution of carbonate of soda, and finally imbedded in 
paraffin. For his quinolein blue method see fourth edition. 

For Underwood’s gold process for teeth, and for that of Lepkowski, 
see third edition^ or Anat. Anz.^ 1892, p. 294. 

Law (Proc. Roy. Soc. Med.^ U 1908, p, 45) studies nerve-endings in 
teeth of mammals by^ treating paraffin sections of decalcified tissue with 
Bethe’s molybdenum toluidin blue (details in Journ. Roy. Mic. Soc,, 
1908, p. 518), 

978. Formic Acid and Sodium Citrate. Anna Morse {J. Dent, 
Res,, 24. 1945) uses 90 per cent, formic acid one part, water one 
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|)ari (Solutioii A). Sodi uni citrate 20 grins, water 100 e.e. (Solution 
B). Just before use add equal parts of A to B. Use plenty, and 
change daily until Arnim’s test for calcium is negative : to 5 c.c. 
of used decalcifying agent, add 1 c.c. of concenti'ated ammonium 
hydroxide, mix well, add 0*1 c.c. of a saturated aqueous solution 
of ammonium oxalate. A precipitate forms when calcium is present. 
Miss Morse does not know the origin of her formic citrate method, 
but mentions that Evans and Krajian {Arch. Path., 1930), 
advocated equal parts 85 per cent, formic acid (aqueous) and 
20 per cent, sodium citrate (aqueous). The citrate is supposed to 
neutralise the swelling action of the formic acid. Miss Morse 
begins testing on the second or third day of decalcification (human 
teeth). When the test is negative, leave for three further days and 
then test again. She uses N-butyl alcohol for dehydrating. 
Hardening of teeth is not due to hot paraffin, but to the proceeding 
agents such as ethyl alcohol. She can leave teeth in 56-58° C. 
paraffin up to twenty-four hours and finds they section easily after 
N-butyl dehydration. 

The formic acid citrate method can be used for any bony 
material. 

979. Van der Stricht {Carnegie Instit EmhryoL Contrib., 
No. 21) fixes the isolated cochlea in a 5 per cent, aqueous solution 
of trichloracetic acid, or in Bonin’s or Zenker’s fluid, and stains, 
before imbedding, in borax carmine. The sections are after- 
wards stained in iron haematoxylin, Congo red and light green. 
He obtained the best results with the membrana tectoria by 
making one or two openings in the bony wall of the fresh cochlea 
and exposing the piece for fifteen minutes to the vapours from 
an aqueous solution of osmic acid or by submerging it in a 1 per 
cent, solution of the same for one hour. Afterwards fixation was 
completed by immersion in trichloracetic acid, Bonin’s fluid or 
Zenker’s fluid, and the series of sections therefrom stained as 
above. By this method some of the turns of the cochlea give 
very good preparations of the structure of the membrana tectoria. 
The mitochondria are also visible within osteoblasts, osteoclasts, 
connective-tissue cells, all epithelial cells, and the sensorial 
elements. ■ 

980. Mitochondria in odontoblasts and osteoblasts may be 
demonstrated by fixation in Regaud’s fluid followed by staining 
in iron hasmatoxylin (§ 909), and the Golgi apparatus in these 
cells is well shown by the employment of Golgi’s method, Aoyama’s 
method, or of Da Fano’s (§§ 930 et eeq.), though a negative image 
of this cell-element is clearly shown when the tissues are fixed in 
Sansom’s modification of Carnoy’s mixture. 

981. Bone, Decalcified (Flemming, Zeit. wise. Mik.., 1886, 
p. 47). Sections of decalcified bone are soaked in water, dehy- 
drated with alcohol under pressure, dried under pressure and 
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nioioitecl ill hard ba,lsa.m melted on tlie side. They show tlie 
lacunar system injected with air as in iion-decalcified sections. 

982. Stains for Cartilage ^ and Decalcified Bone. See hereon 
ScHiiF¥Eii in ZeiL wiss. 3Iik,, v, 1888, p. 1 ; and Enzyk. mik, 
Tecfmik.j art, Kiiochen.” 

Kollikee {Zeit, wiss, ZooL, x;liv., 1886, p. 662) treats sections 
of decalcified bone with concentrated acetic acid niitii they 
become transparent, and then puts for one quarter to one niinute 
into a concentrated solution of indigo-carmine, washes and 
mounts in glycerine or balsam. The fibres of Sharpey appear red, 
the remaining bone substance blue. 

Schaffer {Zeit wiss, Mik,, v, 1888, p. 17} employed at one 
time a safranin method modified from BoiiMxI (Centralb, med, 
Wiss,, 1883, p. 866), for which see jmvious editions. He now 
{Encycl. ’mik. Tech., 1910, i, p. 762) stains sections for twenty- 
Wr hours in a bath of 20 c.c. of water with 1 drop of 1 per cent, 
solution of safranin (or thionin) and (apparently) mounts in 
balsam. The safranin stain will keep if the material is cartilage 
which has been fixed in picro-sublimate ; otherwise it must be fixed 
with ammonium molybdate of 5 per cent, before dehydrating. 

SciEMOKL {Central}), allg. Path,, x, 1899, p. 745) stains in a 
mixture of 2 c.c. concentrated solution of thionin in alcohol of 
50 per cent, and 10 c.c. of water for ten minutes, rinses and puts 
into saturated aqueous picric acid for thirty to sixty seconds. 
Rinse and pass through graded alcohols into origanum oil or 
carbol-xylol and balsam. Matrix yellow, cells red, fat-cells violet. 
He also describes a more complicated method with thionin and 
phospho tungstic or phospliomolybdic acid. 

Moll {Centralb, Physiol,, xiii, 1899, p. 224) stains embryonic cartilage 
for six to twenty-four hours in orcein 0-5 gr., alcohol 40, water 20, 
hydrochloric acid 20 drops, and mounts in balsam. Matrix blue, 
nuclei red. 

Kalhus (Anat. Hefte, xxx, 1905, p. 9) stains first with borax carmine 
or alum carmine, then (sections) for ten minutevS in saturated solution 
of thionin, and washes out with alcohol of 70 per cent. Said to be 
specific for embryonic cartilage, 

Vastarini-Ceesi {Att, Accad. med,-chir, Napoli, 1907, p. 4) stains 
sections of embryonic cartilage with borax carmine, then with muchav 
matein (alcoholic solution without acid), and then witli Orange G in 
alcohol. 

Bayerl’s method for ossifying cartilage {Arch, mik, Anat,, 1885, 
p. 35) : Portions of ossified cartilage are decalcified as directed, § 567, 
cut in paraffin, stained in Merkel’s carmine and indigo-earmine mixture, 
and mounted in balsam, 

Mayer {Grundzilge, Lee and Mayer, 1910, p. 393) prefers to all 
these resorcin fuchsin, the precipitate being freed from iron (fiiioride 
by washing before dissolving in the alcohol. 

Aqueous solution of henmazurin has been commended as a stain for 
ossifying cartilage by Zschokke, see Zdt wiss, Mik,, x, 1893, p. 381. 

* See under "fBmbryological Stains,” § 1058. 
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A process of Baum Garten’s has been given, § 419. 

Moeenee {Skmdinamsches Arch, Physiol,^ i, 1889, p. 216 ; Zeit, wiss, 
Mik,, vi, 1889, p. 508) gives several stains for tracheal cartilage, chiefly 
as microchemical tests, for which see third edition. 

See also a critique of these methods by Wolters in Arch, mik, Anat,, 
xxxvii, 1891, p. 492 ; and on the whole subject of cartilage see 
Schiepferdecker’s Gewebelehre, p. 331. 

FvBAm (Arch. ItaL Bio,^ xxv, 1896, p. 200) makes sections of fresh 
cartilage, puts them for twenty-four hours into 1 per cent, nitrate of 
silver, washes, dehydrates, and exposes to the light in balsam. 

See also Disse, Anat, Anz., xxxv, 1909, p. 318, a stain for dentine 
(hsemalum followed by a mixture of Saurerubin and Orange G) ; and 
Rettereb and Lelievre, C, R. Soc. Biol., Ixx, 1911, p. 630. 

982 bis. Carious Lesions (Gomori, Proc, Soc.Exp.Biol.Med,, xliv, 
1940). The method permits rapid and accm^ate work, with 
human teeth or wdth large numbers of rat jaws ; fix in 80 to 
95 per cent, alcohol or neutral formalin and wash in repeated 
changes of distilled water. Impregnate with 0-25 to 0-5 per cent. 
AgNOg for twelve to twenty-four hours and wash for at least 
twenty-four hours. Reduce in 5 per cent. NagHgPOg for twenty- 
four hours and wash several hours in tap water. Fix in 2 per 
cent. NagSgOg for twelve hours and wash under the tap several 
hours. Stained jaws may be dehydrated in alcohol, cleared in 
cedar oil and examined directly under the dissecting microscope, 
or they may be decalcified in 5 to 10 per cent, sulphosalicylic 
acid and imbedded in celloidin. Carious areas are black, healthy 
areas are unstained. 

983 . Cartilaginous Skeletons of embryos (Van Wijhe, Proc, K, 
Akad, Wetensch, Amsterdam, 1902, p. 47) may be studied by 
staining embryos for a week in a solution of 0*25 grm. methylen 
blue in 100 c.c. of 70 per cent, alcohol with 1 per cent, of hydro- 
chloric acid until no more colour comes away (about a week) 
and mount in balsam. The cartilage remains blue, all the other 
tissues being colourless, 

984. LundwalFs Methods, Fixation is either in formalin or 96 per 
cent, alcohol 70-80 c.c., 30 per cent, solution of oxalic acid in 95 
per cent, alcohol 10-20 c.c., formol 10 c.c. The latter mixture fixes and 
bleaches, objects remaining in it till white. Transfer cartilage prepara- 
tions directly to 96 per cent, alcohol, bone preparations go first into 
1 per cent, ammonia for one or more hours, then in formol 1 : 10, 
washed thoroughly in water then upgraded in alcohol. For material 
fixed in formalin, Lundwall bleaches in Merck’s perhydrol 3 c.c., formol 
10 c.c., water 100 c.c., preferably at about 40° C., changing fluid several 
times over one or more days. Now wash well in water then put under 
pump in boiled water. Stain solutions are toluidine blue 0-25 grm. in 
100 c.c. of 70 per cent, alcohol plus 1 c.c. HCl, filtering after twenty- 
four hours ; or methyl green 1 grm. in 70 per cent, alcohol 1000 c.c., 
acetic acid 5 c.c. The toluidine blue is differentiated (after a day’s 
staining at 40° C.) in 0-25 c.c. HCl in 100 c.c. 70 per cent, alcohol, 
changing often until cartilage is no longer deep blue. Now remove 
acid with several changes of 96 per cent, alcohol. Transfer to absolute 
alcohol, then the same plus benzol, benzol alone, benzol plus benzy- 

fADH-MBOXTM. ■ , " ^ 16 
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ben’/;oate {for embryos 1:1, older ones 2 : S, adult tissue 1 : 2). In 

his later paper {A tint. Anz., 62, 1027) LtiNDWALL passed from benzol to 
saturated solution of naphthalene in benzol, or saturated solution of 
naphthalene in anise oil. The methyl green preparations are differ- 
entiated in 96 per cent, alcohol, this stain being better for adult tissue. 

Similarly also Bakay (Verh, AnaL 1902, p. 248), with Bismarck 
Ijrown (the embryos having been previously treated with nitric acid of 
3 per cent.). 

For fish embryos, the late Professor E. S. Goodrich, of Oxford, found 
thionin (Griibler) excellent. 

For the Spalieholiz method of clearing such jjrepamtions see § 1057. 

985. Demonstration of Centres of Osteoblastic Activity by 
Trypan Blue (P. H. Shipley and G. C. M.ACKhm, Anat Record, 
X, 1915-16), If an azo dye like trypan blue be administered 
to a very young animal, the bones are stained quickly and very 
intensely with vital colour. The dye is injected in a 1 per cent, 
solution into the peritoneal cavity (less preferably subcutane- 
ously). The animal is killed forty-eight hours after staining, 
and the tissues are fixed by 10 per cent, neutral formalin injected 
through blood-vessels, followed by immersion in 10 per cent, 
formalin for twenty-four to forty-eight hours. Bones are washed 
thoroughly, hardened in ascending grades of alcohol, after which 
the soft parts are dissected away. Clear in benzol and then in 
oil of wintergreen. Study with dissecting microscope. 

986. Potash Method for Osteoblastic Centres (Schultze, 
Gundriss d, EntwickL d. Menschens, 1897, and F. P. Mall, Amer. 
Journ, Anat, v, No. 4, 1905~-06). 

Embryos of mammals after fixation in alcohol may be cleared, 
for the study of the ossification centres, by means of weak potash. 
For alcohol specimens Mall considers that Schultze’s solution is 
too strong, and uses instead a 1 per cent. KOH solution for a 
few hours. With weak solutions the tissues of the smaller embryos 
remain firm, and, in the end, the specimen is transparent, with the 
bones held in place. After treatment with the potash, the 
embryo is placed in the following solution for days, or even 
months : — 

Water . . . . . .79 c.c. 

Glycerine . v ^ . .20 c.c. 

Potash . . . . , .1 grm. 

From time to time the embryo may be returned to a 3 per 
cent, solution of potash for a number of hours to hasten the 
clearing process ; then returned to the glycerine solution, which 
helps to hold the parts together. When properly cleared, up- 
grade gradually to pure glycerine, in which they may remain. 

Mall (op. cit) clears formalin embryos in 10 per cent, potash 
for About a month or longer* Formalin renders the connective 
tissues very tough, and this strong KOH solution is necessary. 
Refer also to § 080* . • 
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R. W. CuMLKY, J. F. Crow, and A. B. Griffen {Stain Tech., xiv, 
1939) state that particularly good results were obtained by combining 
the Scliultze technique with that of LundwalK Embryos are fixed in 
95 per cent, alcohol, treated with 1 per cent. KOH, stained in 1 : 10.000 
alizarin Red S, cleared in glycerine, dehydrated with algohol and 
further cleared in toluol, toluol saturated with naphthalene, and anise 
oil saturated with naphthalene. 

987. Dawson’s Method of Staining the Skeleton of Cleared 
Specimens with Alizarin Red S (Sodium Alizarin Monosulphonate). 
Alden B. Dawson states {in Uteris) that the methods commonly 
used for obtaining a differential staining of developing bone in 
specimens already cleared or to be cleared (Lundwall, Spalteholz, 
Batson) have involved the staining of the entire specimen in a 
rather concentrated solution of alizarin, followed by differential 
decoloration. The alizarin is ordinarily made up as an alcoholic 
solution, usually in 95 per cent, alcohol. Such a solution stains 
the soft parts as well as the skeleton and must be followed by 
a decolorising fluid. Decoloration is accomplished, either by 
using an acid-alcohol, such as a 4 per cent, solution of sulphuric 
acid in 95 per cent, alcohol, or by allowing the specimen to stand 
in strong sunlight until the stain has been removed from the 
tissues surrounding the bones. 

Decoloration by means of any acid solution is objectionable in a 
study of ossification on account of the danger of decalcifying minute 
ossification centres. Decolorisation in strong sunlight, while not 
open to the objection for the acid method, also has some drawbacks. 
In continuous cloudy weather, it is obvious, no progress can be made 
and, in addition to this, many specimens prove very refractory to the 
sunlight method and the process of decoloration may in some cases 
take days, weeks or even months. 

Dawson’s new method has -the advantage of introducing no 
factors of error due to possible decalcification and takes less 
time than bleaching in strong sunlight. 

Legs of rats from one to thirty days of age have been prepared 
by this modified method. The animals are fixed in toto in 95 per 
cent, alcohol for from forty-eight to seventy-two hours, depending 
on the age of the animal. Prolonged fixation in the alcohol 
seems to render the tissue less liable to macerate in the potash 
solutions used later. 

The tissue is then placed in a 1 per cent, solution of potassium 
hydroxide, Mali’s (1902) modification of Schultze’s (1897) method, 
for from twenty -four to seventy-two hours or until the bones are 
clearly visible through the muscle. The specimens are then 
placed in a dilute solution of alizarin and potash, 1 part alizarin 
to 10,000 parts of 1 per cent, potassium hydroxide. They are 
allowed to remain in this solution until the bones are stained the 
desired colour. If the dye is absorbed from the solution before 
the maximum intensity is obtained the specimen can be trans- 
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ferred to a fresh solution of stain. If clearing in the initial potash 
solution has progressed to the proper stage, nothing but the 
bone will take up the stain. If the clearing has not been com- 
plete enough the muscles and other tissues take the stain almost 
as readily as the bone itself. Following the staining, the tissues 
are placed in Mall s solution, water 79«parts, glycerine 20 parts 
and potash 1 part. ^ ’ 

When- properly cleared they are passed up through increasing 
concentrations of glycerine and stored in pure glycerine. 

988. Dawson’s Method for the Extraction of Fat from Embryos 
Pnor to Clearing by the Potash Method. In specimens prepared 
by the potash method the fat in the superficial and muscular 
fascifE IS partially saponified and appears in the cleared material 
as opaque white masses which often prove a serious impediment 
to accurate observation. 

This difficulty may be obviated by the extraction of the fat prior to 
bepniung the treatment with KOH. Of the several common fat 
solvents tned, acetone was found to be most satisfactory. It acts 

5i?L staining 

alcohol it is trans- 

ferred directly m acetone and left there for several days, or longer 
dependingmn the bulk of tissue being treated. Folloiving this the 
fourTouri® transferred directly back to 95 per cent, alcohol for twenty- 

per cent, alcohol the clearing and 
staming are earned out as outlined above. ^ 

loetiKes over SO mm. CR length are skinned, eviscerated, decerebrated 
defatted by dipecton, fixed in 95 per cent, alcohol, bleached to h!o ’ 
ckared and stained sunultaneously in an aqueous solution of KOH 

foOOOl upon the size of the specimen) and 

0 0001 to 0-00005 per cent, alizarin red S. This solution is chansed 
periodically to maintam the concentration of the KOH until the clearfng 

uf the alizarin until the bones are properly 
stoed. Tissues ^are dehydrated in increasing concentrattons of 

Mnt. KOH. The bleaehing-elearmg process is carried on untfi the 
si^cunen is ^mpletely depigmented, and the ribs, or the bonefof the 
wSpW Sometimes it is advisable to change, or renew toe 

mixtare every day for several days in order to 
obtain the d^ired results. The bleaching-clearing step is followed bv 
gaming for bone of cartilage, destaining, clearing and mou^T Thfe 
method may be used m the methods of Spalteholz, Van Withe and 

LSr“an?mheiS““s^®*T’ ^hultze and MaU, Daw.son, 

194 ™ “ others. See also Howard Evans, Turtox News, xxvi. 
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TEGUMENTARY ORGANS OF METAZOA 

990. Epithelium. Both for service views and for sections 
good results are obtained by the nitrate of silver method, the 
methylene blue method, the perehloride of iron andpyrogallol method 
of the Hoggans, § 410, the osmic acid and pyrogallol process, 
§§ 409 et seq,, and by iron haematoxylin. 

For the purpose of separating the epidermis from the corium, 
Loewy (Arch, mik, Anat, xxxvii, 1891, p. 159) recommends 
macerating for twenty-four to forty-eight hours, at a temperature 
of about 40° C., in 6 per cent, pyroligneous acid. Acetic acid of J 
per cent. (Philippson) is also good. Minot (Amer. Nat,^ xx, 1886, 
p. 575) macerates embryos for several days in 0*6 per cent, salt solution, 
Mitkophanow wiss. Mik., v, 1888, p. 573) for a quarter of an 

hour in 3 per cent, nitric acid, then one hour in one-third alcohol, 
and, if need be, twenty-four in stronger alcohol. 

Mayee (Lotos, 2, xii, 1892) exposes the corneal or membrana 
nicitans of Eana, Bufo, and for half a minute to the vapour 
of acetic acid, and then puts it into 0*5 per cent, salt solution. 

For ciliated epithelium see the methods of Engelmann under 
“Mollusca.’’ 

For Mammalain Skin the routine is Bouin and Ehrlich’s Hfema- 
toxylin and Eosin, or still better Zenker followed by a Mallory 
connective tissue stain. Very good preparations can be got by 
fixing in corrosive sublimate acetic overnight. Washing out in 70 
per cent, with iodine, then for several hours in 50 per cent., trans- 
ferring to a GOOD borax carmine overnight. Upgrade imbed 
in wax, section, differentiate slides if overstained, counterstain 
in picro-indigo-carmine. To get the best results during fixation 
punch a round hole in a piece of flat cork or lino, and pin the piece 
of fresh skin over the hole, and immerse the whole under the 
fixative. Detach when partly fixed and leave further period 
in fixative. This reduces shrinkage artefacts. 

If the skin is hairy it must be clipped close, not shaved with 
soap and water. Cowdvy {op* cit.) recommends an electric razor. 
For mitochondria and Golgi bodies, prickle cells, it is best to 
depend on a chrome-formol, acid fuchsin and iron alum hsema- 
toxylin, Aoyama and Mann-Kopsch. Da Fano’s Golgi apparatus 
method is said to be most useful in work on skin. A. Deeyfuss 
(C. E. Soc. Biol., cxxii, 1936), after removal of sections from 
gold chloride, washes in aqua dest., then places in Lugol diluted 
{1 Lugol 2 aqua dest.), watching differentiation under microscope, 

■ 468 " 
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wash in water, transfer to hyposulphate, counter stain if desirable 

iipgimk, moiiiit in balsam, . ’ 

■ Bridges (and Canals), Prickle Cells. See Ide 

m La Cdluk, iv, 1888, p. 409, and v, 1889, p. 321 ; also Kolossow’ 
Arch. mik. Anat, hi, 1898, p. 1. Kolossow used an osmic-acid- 

tamim Stain, § 403. 

See also Flemming, Atmi. Hefte, 1 Abth, vi, 1895, p. 1 . 

Besides maceration, impregnation may be useful ; Miteophanow 

(Arch Anat. Phys., Phys. Abth., 1884, p. 191 ) has used gold 
chloride. ^ 

_ Unna (il/o?iafesc&r. praJa. Derm., xxxvii, 1908, p. 1) has 
desenbed a highly complicated process with Wasserblau and 
orcein, see Zeit. wiss. Mik., xxi, 1904, p. 68. 

Epithelium. Kromayee’s process (Arch 
Mik Anat., xxxix, 1892, p. 141) is as follows : Sections are stained 
mmutes m a mixture of equal volumes of anilin water 
^ concentrated aqueous solution of methyl violet 6 B. 

They are well washed in water and treated with solution of 
iodine m iodide of potassium until they become blue-black (one 
seconds). They are again washed with water, dried 
with blotting paper, and treated with a mixture of 1 volume of 
anilm to 2 volumes of xylol until sufficiently differentiated, when 
ey aie rought into pure xylol. Very thin sections will require 
more xylol in proportion to the anilin. viz. 1 ■ .8 on • a ■ 
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solution of picric acid, and dehydrate for thirty seconds in alcohol 
containing 0*5 per cent of picric acid. 

3. Hjemainm for two hours, neutral orcein as above for ten to 
twenty minutes. ; 

More recently Unna advocates the process mentioned last 
section. See also under Pasini’s method, § 1061. 

See also Ranvier, Arch, Anal. Mik., iii, 1899, p. 1. 

993. Keratohyalin. The keratohyalin granules of the cells of 
the stratum granulosum soluble in mineral acids, and can be 
digested in pepsin. They can be stained with picro-carmine, 
alum hsematoxylin, van Gieson’s mixture, or Unna’s Water Blue 
orcein, last §. Fick {Centralb. allg. PatJi,^ xiii, 1902, p. 987 ; Zeit 
^wissl Mik,, XX, 1903, p. 222) stains sections of alcohol material 
for three to four minutes in concentrated aqueous solution of 
KresylecMviolett, differentiates in alcohol, clears in xylol, and 
mounts in balsam. 

See also Unna, Monatsschr. prakt. Derm,^ xx, 1895, p. 69 ; the article 
“ Haut ” in the EncycL mik. Tecknik, ; and Unna and Golodetz, 
Monatsschr. prakt. Derm., xlix, 1909, p. 95 ; Laffont, Bibl. Anat., 1909, 
:,p. 209., 

For Trichohyalin, see Gavezzeni, Monatsschr. prakt. Rem., xlvii, 
1908, p. 229. 

994. Eleidin. To demonstmte the stratum gramilosuni and the 
eleidin granules Ranvier (JlrcA.. Anal. Mier., iii, 1899, p. 1)' 
hardens with alcohol, stains with picro-carmine, and ti'eats with 
lime-water. The cells swell and show up the granules, which do 
not change. See loc. cit, other methods for the study of skin. 

Buzzi (see EncycL mik. Technik., article ‘‘ Haut ”) stains 
sections for a few minutes in a watch-glassful of water with 2 to 
3 drops of 1 per cent. Congo red. Similarly Weidenreich, 
Arch. mik. Anal., Ivii, 1901, p. 583. Other authors recommend 
nigrosin, or Water Blue, or orcein. Mallory, after one minute 
in 1 per cent. aq. nigrosin, washes in water, then 95 per cent, 
alcohol, from which pass to origanum oil or terpineol, mounting 
in balsam. See chapter on hair in ‘‘ Special Cytology,” 1932. 

See also Joseph, “ Dermatohist. Technik,” Berlin, 1905, and 
Dreuw^ Med. Klink, Berlin, 1907, Nos. 27 and 28. 

For Cholesterin see Golodetz and Unna, Monatsschr. prakt. 
Derm., xlvii, 1908, p. 1. 

995. Horn, Hair, Nails and Feathers. The elements of hairs 
and nails may be isolated by pi'olonged maceration in 40 per cent, 
potash solution, or by heating with concentrated sulphuric acid. 
See also von Nathusius, Zool. Anz., xv, 1892, p. 395. 

Identification of Hair. Preparations of circular scales are made as 
follows (Davidson and Taylor, Joum. Queckett Micr. Club, i, No. 6, 
1943) : Cut root and tip of hair, clean in equal parts of abs. al. and 
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ether for fifteen minutes. Wash well in aqua dest. and in the same fluid 
place in vacuum imbedding oven, exhaust at room temperature, main- 
taining pressure of 18-30 mm. mercury for two hours. Bleach in 
90 voL M2O2 diluted 1-3 in aqiia dest. 50 c.c. ; one drop 5 per cent, 
aqua ferric chloride, excess of liq. ammonia added immediately before 
use. Leave fifteen to twelve hours, according to depth of pigment. 
Wash well in aqua dest. Stain in carbol fuchsin (Ziehl Neelsen) in 
aqua dest. in vacuum imbedding bath, room temperature, pressure 
18-30 mm. mercury, for at least fifteen minutes. Decolorise and 
dehydrate in abs. aL, clear in benzene and mount in Canada Balsam. 
This gives (a) cuticular scales, (6) cuticle cortex and cellular structure 
of medulla, (c) cuticular scales on under surface of hair. 

The Scale Pattern, especially of fine hairs,, may be demonstrated 
by the following method : smear a clean cover glass with, a thin layer 
of glycerine, place the hair on the cover glass, cover it with a drop or 
two of water-soluble nigrosin solution, tilt the cover glass to remove 
the excess fluid by tipping it with blotting paper, dry the preparation 
over gentle heat, remove the hair, invert the cover glass and place it 
on a slide for microscopic examination (Koonz and Strandine, Trans, 
Amer, Mic, Soc,^ Ixiv, 1945), 

Sulphur Distribution in Hair Cells. Cystine linkages are hydrolysed, 
hydrogen sulphide is liberated and in the presence of 0*2 M mercuric 
chloride in 0-1 NHCl for forty-eight hours, insoluble deposit of mer- 
curic sulphide is produced. Also in sections of skin (K. M. Rudali., 
Proc, Leeds Phil, Soc,, 1944). 

Horny tissues stain well in safranin or gentian violet (Reinke, 
Arch, f, mik, Anat,, xxx, 1887, p. 183 ; Ernst, ibid,, Ivii. 1896, 
p. 669 ; Rabl, ibid,, xlviii, 1896, p. 489). 

Unna {op, cit, last §, p. 598) stains the tyrosin-bearing keratin 
in sections of skin for a few seconds or minutes in a mixture 
of 5 parts of Millon’s reagent, 5 of water, and 1 of glycerine, treats 
shortly with nitric acid of 25 per cent., and mounts in balsam. 

For Espinasse’s method see § 181. 

996. Skin-nerves and Nerve-endings, Impregnate with gold 
chloride. See Chapter LXVII, especially § 395, 

997. Tactile Corpuscles. See §§ 398-400. Gold methods are 
indicated. See also Ranvier, Traiid, p. 919 ; Lanoerhans, 
Arch, mik, Anat,, 1873, p. 730 ; Kultschizky, ibid,, 1884, 
p. 358 ; and Smirnow, Intern, Monasschr, f, Anat, etc., x, 
1893, p. 241, who recommends, besides the gold method of Lowit, 
the rapid bichromate of silver method of Golgi. 

998. Corpuscles of Herbst and Corpuscles of Grandry. Dogiel 
{Arch. Anat, u, Entmckel,, 1891, p. 182) has used the methylene 
blue method. Four per cent, solution of methylene hlue, warmed 
to 40® C., is injected into blood-vessels of the heads of ducks or 
geese ; pieces of skin are removed from the beaks, sectioned in 
pitch, and the sections brought on to slides and naoistened with 
aqueous or vitreous humour from the animal and left for ten to 
thirty minutes exposed to the air, then brought into picrate of 
ammonia, and treated as described, § 377. Geberg {Intern, 
Monatsschr, Anat, x, 1893, p, 205) made use of a method of 
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Arnstein, according to which pieces of skin are put for twenty- 
I four hours into lime-water, the horny layer removed, the pieces 

treated for five minutes with 0*25 per cent, gold chloride, reduced 
in water, and the precipitate that forms on them removed by 
J putting into 0-25 per cent, cyanide of potassium and brushing, 

f Nowak {Amt Anz., xxxvi, 1910, p. 217) takes XJnna’s Orcein- 

i Water Blue mixture (Water Blue O.D., 1 part, orcein 1, acetic 

! acid 5, glycerine 20, alcohol 50, water 100) and adds to it 1 part 

I more of orcein. To 10 c.c. of this he adds at the moment of 

I using 10 c.c. of 1 per cent, solution of eosin in alcohol of 80 per 

j cent, and 3 c.c. of 1 per cent, solution of hydroquinone. Stain 

I for five to ten minutes, rinse, stain for ten minutes in 1 per 

i cent, aqueous solution of safranin, wash, treat for thirty minutes 

with 0-5 per cent, solution of bichromate of potash, dehydrate 
and mount. 

Similarly Dogiel, Folia Neurobiot, iv, 1910, p. 218 (also 
employing Bielschowsky’s neurofibril method). 

999. Corpuscles of Meissner and of Krause (Cornea and Con- 
junctiva). Dogiel (Arch, f. mik, Anat, xxxvii, 1891, p. 602, 
and xliv, 1894, p. 15) employs the methylene blue method ; for 
details see previous editions. 

See also Longworth’s methods, Arch. mik. Anat, 1875, p. 655. 

1000. Similar Objects. Papillae Foliatae of the Rabbit, Hermann, see 
Zeit wiss. Mik,,"v, 1888, p. 524 ; Arnstein, ibid,, xiii, 1897, p. 240. 
Olfactive Organs of Vertebrates, Dogiel, Arch. mik. Anat, 1887, p. 74. 
Organs of a ** Sixth Sense in Amphibia, Mitrophanow, Zeit. wiss. 
Mik., V, 1888, p. 513 (details as to staining with “ Wasserbiau,” for 
which see also Biol. Centralb., vii, 1887, p. 175). Nerve-endings in 
Tongue of Frog, Fajerstain, Arch, de Zool. expir. et. gen., vii, 1889, 
p. 705. Tongue of Rabbit, von Lenhossek, Zeit wiss. Mik., xi, 1894, 
p. 377 (Ramon y Cajal’s double Golgi method). 

1001. Cornea. There are three chief methods — the methylene 

f blue, the silver, and the gold method. 

I For the methylene blue method see particularly § 375. 

I' Negative images of the corneal cells are easily obtained by the 

[ dry silver method (Klein). The conjunctival epithelium should 

i be removed by brushing from a living cornea, and the corneal 

I surface well rubbed with a piece of lunar caustic. After half 

i an hour the cornea may be detached and examined in distilled 

‘I water. 

In order to obtain positive im.B,ges of the fixed cells the simplest 
plan (Ranvieb) is to macerate a cornea that has been prepared 
as above for two or three days in distilled water. There takes 
place a secondary impregnation. 

J The same result may be obtained by cauterising the cornea of 

a living animal as above, but allowing it to remain on the living 
; animal for two or three days before dissecting it out, or by treating 
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a negatively impregnated cornea with weak salt solution or weak 
solution of hydrochloric acid (His). 

But the best positive images are those furnished by gold chloride. 
Rakvieb prefers his lemon-juice method. It is impotant that 
the cornea should not remain too long in the gold solution, or the 

nerves alone will be well impregnated. 

Zawaesin {Arch. mik. Anat., Ixxiv., 1909, p. 116) removes the 
membiane of Hescemet for study in the following manner. A. 
cornea, fixed in sublimate, is dissected out and put for some 
hours into a mixture of alcohol and ether. The collodion of 4 
per cent, is poured on to the inner surface, and after some time 
a layer of collodion with the membrane attached can be peeled 
off, and the collodion removed from the tissue by a mixture of 
alcohol and ether. 

See also Rollett, in Strieker’s if undfi., pp. 1102, 1115, or 
previous editions ; Taetufebi, Anat. Anz., v, 1890, p. 524’ or 
previous editions ; CiAccio, Arch. ital. Biol., iii, p. 75 ; ’and 
Renault, C. R. Acad. Sc., 1890, p. 137. 

1002. Crystalline. Gekhakdt (Zeit. wiss. Mik., xiii, 1896, 
p. 306) hardens the lens for one or two days in 4 to 10 per cent! 
formalin ; it is then easily dissociated with needles into its 
fibres. 

Rabl {Zeit. wise. Zool, Ixv, 1898, p. 272) fixes the enucleated 
eye foi half an hour in his platinum chloride or picro-sublimate, 
§§ 81 and 76, divides it at the equator, and puts the anterior 
half back for twenty-four hours into the fixative. 

For Maceration you may use sulphuric acid, § 542. 

See also Robinski, Zur. Kenntnis d. Augenlinse, Berlin, 1883. 


CHAPTER XXXVI 

MUSCLE' AND TENDON, NERVE-ENDINGS, 
STRIATED MUSCLE 

1003. Muscle-cells. For these and allied subjects see, inter alia, 
Beheens, Kossel, und Schieeferdecker, Bas, Mikroskop, etc., 
vol. ii, pp. 154-161 ; and Schafer, Proc, Roy. Soc,, xlix, 1891, 

p. 280 . 

Iron hsematoxylin gives very fine images of striped muscle, 
and so does Mallory’s phospho-tungstic. 

For dissociation methods see §§ 522, 547, 

To isolate the sarcolemma Solger (Zeit wiss. Mik., vi, 1889, 
p. 189) teases fresh muscles in saturated solution of ammonium 
carbonate. 

1004. Nerve-endings — the Methylene Blue Method. For 
Biedeemann’s procedure for the muscles of Astams § 375 (see 
also Zeit. wiss. Mik., vi, 1889, p. 65). After impregnating as there 
directed the carapace should be opened, and the muscles exposed 
to the air in a roomy moist chamber for from two to six hours. 

For Hydrophilus piceus, Biedermann proceeded by injecting 
0-5 c.c. of methylene blue solution between the ultimate and pen- 
ultimate abdominal rings, in the ventral furrow, and keeping 
the animals alive in water for three to four hours, then opened 
the thorax by two later incisions, and removed the muscles 
of the first pair of legs and exposed them to the air for three 
or four hours in a moist chamber, and finally examined in salt 
solution. 

Geelach {Sitzb. Akad. Wiss. Munchen, 1889, ii, p. 125) injected 
frogs, either through the abdominal vein or through the aorta, 
with 4 to 5 c.c, of a 1 ; 400 solution in 1 per cent, salt solution, 
and examined pieces of muscle in serum of the animal, after- 
wards fixing with pierate of ammonia and mounting in glycerine 
jelly. 

The procedure of Dogiel has been given, § 375. 

1005. Nerve-endings — the Gold Method. Fischer {Arch. mik. 
Anat., 1876, p. 365) used the method of L5 wit. 

Biedermann (last section) recommends for Astacus a similar 
procedure, the preliminary treatment with formic acid being 
omitted, and the muscles being put for a couple of days into 
glycerine after reduction in the acid. 

Ranvier (Traite, p. 813) finds that for the study of the motor 
terminations of Vertebrates the best method is his lemon-juice 
process (§ 401). 

See also the methods of Apathy, § 406, and Graven, § 400. 
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1006. Netve-endmgs— the Silver Method. Ranviee employs it 
as follows {ibid,, p. 810) ; Portions of muscle (gastro-cnemius 
of frog) having been very carefully teased out in fresh serum, 
are treated for ten or twenty seconds with nitrate of silver solution 
of 2 or 8 per 1000, and exposed to bright light (direct sunlight 
is best) in distilled water. As soon as they have become black 
or brown they are brought into 1 per cent, acetic acid, where 
they remain until they have swollen up to their noimal dimensions. 
They are then examined in a mixture of equal parts of glycerine 
and water. 

This process gives negative imdiges, the muscular substance 
being stained brown, and the nervous arborescence unstained. 
The gold process gives positive images, the nervous structures 
being stained dark violet. 

1007. Nerve-endings — the Bichromate of Silver Method. The 
rapid method of Golgi has been used by Ram6n y Cajal for 
the terminations of nerves and trachese in the muscles of insects. 
See ZeiL miss, Mik., vii, 1890, p. 332, or fourth edition, A modi- 
fication is used by Wundeeee, Arch, mik, Anat,, Ixxi, 1908, 
p. 523. See under Bodian, § 1130. 

1008. Muscle-spindles. See Cilimbaeis, Arch, mik, Anat,, Ixxv, 
1910, p. 692. Principally intra-vitam methylene blue, by injection 
through the internal carotid. For elastic fibres Weigert’s resorcin- 
fuchsin, followed by 1 per cent, orcein acidified with HCl. 

ELECTRIC ORGANS 

1009. Electric Organs. Ranvier {Traifd, Chap, xviii), finds 
that osmic acid is the only reagent that will fix properly the 
terminal arborisations on the lamellse. He injects a little 2 per 
cent, solution under the surface of the organ, removes a small 
portion of it after a few minutes, and puts it into a quantity 
of the same solution for twenty-four hours. The electric plates 
may then be teased out and examined in water, and will show 
the stag’s horn ramifications ; and the dissepiments between 
the columns will show the bouquets of Wagner. The terminal 
arborescence may be impregnated with silver. A portion of 
the surface of the organ is rubbed with lunar caustic until it 
appears opaque, then removed and the plates teased out in 
water. This gives negative images. 

Or, electric plates, isolated by teasing after twenty-four hours 
in osmic acid as above, and kept for some days in one-third 
alcohol, are washed and placed on a slide with their ventral 
surface uppermost. They are then treated with a few drops of 
0-5 per cent, solution of chloride of gold and potassium, and 
those which become violet are washed and mounted in glycerine. 
This gives positive images. 
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These may also be obtained by putting material fixed by 
osmic acid into 2 per cent, solution of bichromate of ammonia 
for a few weeks, then teasing, staining with alum hsematoxylin, 
and mounting in damar. 

Torpedo. Ballowitz {Arch, mik. Amt, xlii, 1893, p. 460) gets the 
best results by the rapid Golgi impregnation. 

An electric column, with about i to 1 cm. of tissue round it, is dis- 
sected out, and put for three to four days into the osmium bichromate 
mixture ; then for one to three days into |- per cent, silver, cut without 
imbedding and mounted in xylol balsam. Impregnates all the impor- 
tant elements. See further, on the whole subject, BAnnowiTZ, Encycl. 
mik. Techn,, 1910, p. 298. Cavalie (Bibl. Anat, xiii, 1904, p. 214) 
takes material fixed with osmic acid of 2 per cent, and impregnates it 
with gold by the method of Nabias, and mounts in glycerine. Raja. 
IwANZOFF {Bull. Soc. Nat. Moscow, ix, 1895, p. 74) fixes the organ 
in the tail of Baja with liquid of Flemming, stains with hasmacalcium 
and eosin, and makes paraffin sections. Baeeowitz {Anat. Hefte, 1 
Abth., vii, 1897, p. 285) finds the method of Golgi excellent for this 
organ. He also makes sections after fixing in saturated solution of 
sublimate (in sea-water), or in liquid Flemming, and examines them 
in water. Methylene blue may be used, intra-vitam. Gold is little 
good. Gymnotus. Ballowitz {Encycl. mik. Technik., p. 303) fixes 
with Flemming, and makes sections. He also commends impregnation 
with gold chloride, but not the Golgi method. Malapterurus. Ballo- 
witz {ibid., p. 202) fixes with picrosublimate, with Flemming, or with 
various mixtures of bichromate, sublimate, and formol, and uses gold 
chloride and Golgi impregnations. He macerates in liquid of Muller 
or saturated aqueous solution of picric acid. 

TENDON 

1010. Tendons. The routine is Bouin or Zenker and Hsema- 
toxylin. Try chlorazol black B. 

Retteeer (C, E. Soc. Biol., x, 1898, p. 580) fixes in equal parts of 
saturated solutions of sublimate and picric acid, puts for one to three 
days into saturated picric acid with 2 to 3 per cent, of sodium chloride, 
to remove the mucin, and imbeds in paraffin. 

1011. Union of Muscle and Tendon. For this see Retterer and 
Lelievre, C. E. Soc, Biol., 1911, No. 12 (orcein for twenty-four 
hours, followed by iron hsematoxylin) ; and Schultze {Verh. 
phys. med, Ges, Wurzburg, 1^11, p. Bd) treats for a day or two 
with a mixture of equal parts of 2 per cent, bichromate of potash 
and alcohol, in the dark, then for two days with 0*5 per cent, 
solution of haematoxylin in alcohol of 70 per cent., then with 
Van Gieson’s picro-saurefuchsin. 

1012. Corpuscles of Golgi (RANViER, T'ratW, p. 929). Take the 
tendon of the anterior and superior insertion of the gemini muscles 
of the rabbit. Treat it by the formic acid and gold method 
(§ 394), and after reduction scrape with a scalpel, in order to 
remove the muscle-fibres that mask the musculo-tendinous 
organs. 


462 


MUSCLE AND TENDON 


Marchi's method for the tendons of the motores bnlbi oculi (Archivio 
per le Scierize Mediche, v. No. 15). The enucleated eyes, together with 
their muscles, were put for not less than three days into 2 per cent, 
bichromate of potash. The muscles and tendons were then carefully 
dissected out, stained with gold chloride and osinic acid (Golgi\s 
method), and by the method of Manfredi, § 403. Mount in glycerine. 
The methods only succeed completely during fine, sunny weather. 

Rtjffini (Atti R, Acc. Lincei Roma Tend. [5], i, 1892, p, 442) recom- 
mends the method of Fischer. 

CiACcio (Mem, B. Acc. Sd. Bologna [4], t. x, 1890, p. 301) puts 
tendons of Amphibia into 0-1 per cent, hydrochloric acid or 0*2 per 
cent, acetic acid until transparent ; then for five minutes into a mixture 
of 0-1 per cent, potasvsium chloride ; then back into the acetic acid, 
for a day in the dark, and for two or three hours more in the sunlight. 
When they have become somewhat violet they are put for a day into 
0-1 per cent, osmie acid, and finally mounted in glycerine acidulated 
with 0*5 per cent, of acetic or formic acid. 

Dooiel (Arch. mik. AnaL^ Ixvii, 1905, p. 638) stretches tendons of 
eye-muscles on cardboard with hedgehog spines, puts for four or five 
days into nitrate of silver of 1 to 2 per cent., reduces for a day in 
pyragallic acid with formoi, and imbeds in celloidin. 

SMOOTH MUSCLE 

1013. Tests for Smooth Muscle. Picro-saurefuchsin, § 320, 
stains muscle yellow, connective tissue red. 

Picro-nigrosin, § 347, stains muscle yellowish, connective tissue 
blue. 

Unka (Encycl. mik. Techmk,, article “ Kollagen ”) stains for 
twenty-four hours in orcein 1 part, Water Blue 0*25, alcohol 60, 
glycerine 10, water 30, which gives muscle in a mixed tone, collagen 
blue, elastin reddish. See also a complicated process with 
methylene blue in Momtssch prakL Dermatol., xix, 1894, p. 533, 
and another with orcein, hsamatein, saurefuchsin and picric 
acid. 

Betterer (C. E. Soc. Bioi, 1887, p. 645) fixes in 10 volumes 
of alcohol with 1 of formic acid, washes well and stains in alum 
carmine. Muscle red, connective tissue unstained. 

1014. General Structure. Werner (Hist d. glaiten Musculatur, 
Dorpat, 1894, p. 22) fixes stretched intestine or bladder in 
Flemming, washes well and stains in Heidenhain’s chrome hmma- 
toxylin, § 299. For demonstrating intercellular spaces, fresh 
intestine is put for twenty-four hours into oil, at 37° C., then for 
twelve hours into Flemming, and for four to six into chromo- 
acetic acid. 

1015. Isolation of Fibres. Gage’s methods, see §§ 528, 545. 

Mobius, muscle at Cardium, see § 536. 

Ballowitz, muscle of Cephalopoda, see Arch, mik, Anat, 
xxxix, 1892, p. 291. 

Schultz (Arch, AnaL Phys., Phys. AbtL, 1895-6, p. 521) puts 
muscle of Vertebrates for twenty-four hours into 10 per cent. 
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nitric acid, rinses with water, and brings pieces for six to eight 
days (in the dark at first) into a mixture of equal parts of 
per cent, osmic acid and -} per cent, acetic acid, teases and mounts 
in glycerine. 

For smooth muscle of Vermes, see Apathy, Za-t /. wiss, Mik, 

X, 1893, pp. 86, 319, and § 539, 

1016. Iris. Dogiel [Arch, mik AnaL, 1886, p. 403) puts the 
anterior hajf of an enucleated eye for some days into a mixture 
of 2 parts of one-third alcohol and 1 part 0-5 per cent, acetic 
acid; The iris can then be isolated, and split from the edge 
into an interior and posterior plate, and these stained according 

to the usual methods. j 

See also Koganei, miA;. Anat^ 1855, p, 1 ; Cakfield, 

ibid,, 1886, p. 121 ; and Dostoiewsky, ibid,, p. 91. I 

1017. Bladder of Frog, Innervation of (Wolff, Arch, f, mik, \ 

Amt, 1881, p. 862). A frog is killed and a solution of gold 

chloride of 1 : 20,000 injected into the bladder through the 
anus. (If the injection flows out on removal of the syringe, tie 
the frog’s thighs together.) Now open the frog, ligature the 
intestine above the bladder, and cut away the ^abdomen so as 
to have in one piece bladder, rectum and hind legs. Put this 
into gold solution of 1 : 2000 for four hours; the bladder is 
then excised, slit open and pinned (with hedgehog spines) on to 
a cork (outside downwards). Place it under running water until 
all the epithelium is wa’shed away. Use a camel’s-hair brush if 
necessary. Put for twenty-four hours into gold solution of 
1 : 6000. Wash in pure water, and put away in the dark “ for 
some time” in acidulated water, and finally reduce in fresh 
water in daylight. 

Ranvier {Traitd, p. 854) recommends his two gold processes, 
the liquids being injected as above. ^ 

Geunstein {Arch, mik, Anat, 1899, p. 1) injects 1 per cent, 
methylene blue in normal salt solution through the vena ahdo- 
minalis, and after twenty to thirty minutes excises the bladder 
and exposes to the air. Fix the stain with picrate of ammonia 
and mount in glycerine with the same (§ 377). 


CHAPTER XXXVII 
CONNECTIVE AND ELASTIC TISSUES 
CONNECTIVE TISSUE 

1018. General Stains for Connective Tissue. Connective tissue, 
elastic tissue, and smooth muscle are all normally acidopliilous. 
Collagen, the distinctive element of connective tissues, absolutely 
requires acid ” dyes for the production of a permanent stain, 
whilst elastic tissue and muscle will also fix “ basic ” dyes. Collagen 
has a special affinity for Acid and Water blue. Elastin has a 
strong affinity for acid orcein, whilst muscle has no special affinity 
for either, but stains energetically with picric acid. 

PicTofttchsin is much used and very convenient as a general differ- 
entiating stain, but not to be recommended for cytological detail. 
Unna’s Water pine orcein for distinguishing connective tissue and 
muscle has been given, § 1013. It works after all fixatives. Stain long, 
and dehydrate preferably with acid alcohol. Freeborn (Amer, Mon, 
Mic, Journ,^ 1888, p. 231) piero-nigrosin, made by mixing 5 c.c. of 
1 per cent, aqueous solution of nigrosin, with 45 c.c. of aqueous solution 
of picric acid. Stain for three to five minutes, wash with water, and 
mount in balsam. Connective tissue blue, nuclei blackish, the rest 
yellowish. Ramon y Cajab’s picro4ndigo-carmim, Dubreuie (C. R, 
Ass, Anat,^ vi Sess., 1904, p. 62) uses a mixture of 23 volumes 1 per 
cent, picric acid and 2 volumes 1 per cent, methyl blue— with a previous 
stain with carm alum or safranin. 

1019. Unna’s Orcein Method. . (Encycl, mik, Technih, 1910, 
p. 250). Sections are stained for ten minutes in Griibler’s poly- 
chrome methylene blue. They are then washed with water, 
mopped up, and brought for fifteen minutes into b. neutral 1 
per cent, solution of orcein in absolute alcohol, rinsed in pure 
alcohol, cleared in bergamot oil, and mounted. Collagenous 
ground-substance dark red, muscle bluish, elastic fibres some- 
times dark red. Material may be fixed in almost any way except 
with nitric or picric acid, formol, or liquids of Muller and Hermann. 

1020. Unna’s Methylene blue -f Acidfuchsin (Unna, in Enzyk, mik, 
Technik,, 1910, p. 247). Stain for two to five minutes in polychrome 
methylene blue solution (Griibler). Wash and stain for ten to fifteen 
minutes in (0*5 per cent.) Saurefuchsin = (33 per cent.) tannin- 
mixture (Griibler).” Water, alcohol, essence, balsam. Collagen, 
protoplasm, and muscle red, nuclei and keratin blue. On Flemming 
material, elastin blue. Liquids of Hermann and Erlicki, formol and 
copper fixatives incompatible. 

1021. Unna’s Safranin Water blue {ibid,). Ten minutes in 
1 per cent, safranin. Wash. Ten to fifteen minutes in ‘‘ (1 per cent.) 

m 
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Water blue + (33 per cent.) tannin mixture.” Wash. Stains in 
opposite colours to the last. Formol and liquid of Hermann contra- 
indicated for fixing. 

1022. Flemming’s Orange Method is said to give a very sharp 
difiemntiatmn of developing fibrils. 

1023. M^illory {Zeit miss, Mik,, xviii, 1901, p. 175) stains sections 
of sublimate or Zenker material for a few minutes in Saurefuchsin of 
0*1 per cent, mordants for a few minutes in 1 per cent, phosphomolybdic 
acid and stains for two to twenty minutes in anilin blue 0*5 grm.. 
Orange G 2, oxalic acid 2, and water 100. His phosphotungstic 
haematoxylin stains connective tissue sharply, but does not differentiate 
it sufficiently from elastic tissue and muscle. 

1024. For Delamare’s mixture or orcein, haematoxylin, Saurefuchsin 
and picric acid see Fer/i. Anat. Ges,^ xix, 1905, p. 227. 

1025. Masson (C. JK. Soc, Biol., Ixx, 1911, p. 573), stains first in 
haemalum, then in eosin, and then for a few minutes in 1 per cent, solu- 
tion of saffron in tap -water (made by boiling). Connective tissue, bone, 
and cartilage, yellow. 

1026. Benecke’s stain for fibrils (Verh. Anal. Ges., vii, 1893, p. 165) 
is essentially that of Kromayer, § 992. 

1027. Bielschowsky’s Silver Method (post, under Neuro- 
fibrils ”) has been used for connective-tissue fibrils. Snessarew (Anat, 
Anz.f xxxvi, 1910, p. 401) employs it as follows : Tissue is hardened in 
neutral formol and sectioned with a freezing microtome. The sections 
are put for at least four days into iron alum of 2-5 to 10 per cent., 
changed daily. They are then silvered for thirty-six to forty-eight 
hours in nitrate of silver of 10 per cent., then treated with the oxide 
bath and reduced in formol of 20 per cent. Collagen fibres grey, but 
fine connective networks black, nerve fibres unstained or only weakly 
stained. 

Perdrau (Journ. Pathol. Boot, xxiv, 1921) has worked out a modifica- 
tion of Bieischowsky which appears to be particularly suitable for the 
study of the connective|tissue in nervous organs . He washes pieces and 
sections as in Da Fano’s modifications, but without having recourse to 
re-distilled water. He then places sections for about ten minutes in 
0-25 per cent, potassium permanganate, washes, and treats them as by 
PaFs modification of Weigert’s myelin stain (see § 1164). After another 
wash in distilled water, he transfers sections into 2 per cent, silver 
nitrate, and continues as in Da Fano’s Mod. 1. Nerve-cells, nerve- 
fibres, neuroglia, etc., unstained ; coimective tissue and elastic fibres 
stained in various shades of purple-grey to black. Refer to § 1161. 

1028. H. Wilder’s Silver Impregnation Method for Reticulum 
Fibres (Amer. Journ. Path, xi, 1935). See § 196. 

1029. Verhoeff’s Haematoxylin and Van Gieson. There are 
many modern connective tissue staining methods designed to 
show simultaneously the various connective elements in different 
colours. Apart from Wilder’s method, it is not possible for us 
to give here in extenso more than one really good method and 
we have chosen Verhoeff’s haematoxylin and phloxine (erythrosin) 
or Van Gieson counter stain, as the materials will be available, 
Tliis method (if Van Gieson be used) stains the various elements 
as follows : elastic fibres blue-black to black, nuclei blue-black ; 
collagen red, other elements yellow. This with the Wilder silver 
method will cover the ground : Mallory in his book has developed 


466 


CONNECTIVE AND ELASTIC TISSUES 


various methods for coimeetive tissues. Cowdry {op, cit) recom- 
mends I\Ia,ssoii’s ti’iehrome and Mallory’s connective tissue stain. 

The Verhoeff Method [Conirib. Ophth. Science, “Jackson’s 
Birthday Book,” iv, 1926), as recommended by Mallory, in Stain 
Commission’s Schedules. Method of fixation recommended : 

10 per cent, formalin or Zenker imbedded in paraffin or celloidin. 
Dissolve 1 grm. hgematoxylin in 20 c.c. absolute alcohol in a test 
tube by aid of heat. Filter and add 8 c.c. of a 10 per cent, aqueous 
solution of FcCIs and 8 c.c. of iodine solution (2 grm. iodine and 
4 g. KI dissolved in 100 c.c. distilled water). The solution should 
be used within twenty-four hours. It is unnecessary to treat 
tissues or sections with iodine before staining. Mercurial 
precipitates are removed by the staining solution. 

(1) Remove paraffin from sections in usual manner. (2) Immerse 
sections in the above staining solution for fifteen minutes to one hour 
until perfectly black. (8) Differentiate in a 2 per cent, aqueous solution 
of FeClg. The differentiation requires only a few minutes. To observe 
the stages in the differentiation, the sections may be examined in 
water imder low magnification. If the differentiation has been carried 
too far, the sections may be restained, provided they have not been 
treated with alcohol. (4) Wash in tap water. (5) Place in 95 per cent, 
alcohol to remove the stain of the iodine solution and leave sections 
in tap water five minutes or longer. (6) Counterstain three to five 
minutes in a 0-5 per cent, aqueous solution of phloxine (C.C.) or in 
Van Gieson’s stain ‘(p. 1a~9). (7) Differentiate and dehydrate in 

95 per cent, alcohol followed by absolute alcohol. (8) Clear in xylol 
and mount in balsam. Celloidin sections are cleared in terpineol or in 

011 of origanum directly after 95 per cent, alcohol. 

ELASTIC TISSUE 

1030. Elastic Tissue, Generalities. Elastic fibres have a great 
affinity for osmium, staining with much more rapidity than most 
other tissue elements. They are not changed by caustic soda or 
potash. They are normally acidophilous, but are easily rendered 
artificially basophilus by means of chromic acid or other mor- 
dants, and then stain with great energy with basic dyes. Hence 
a group of stains of which those of Lustgarten and Martinotti are 
types. They have a natural affinity for orcein, whence stains of 
the Tanzer-Unna type. 

For a review of the older methods of Balzee, Unna, Lust- 
GAETEN, and Heexheimer, see the paper by G. Maetinotti, in 
Zeit miss, MiL, iv, 1887, p, 31 ; also Enzyh. mih Technihy art. 
“ Elastin.” 

1031. Victoria Blue (Lustgaeton). See § 369. 

1032. Safranin (G. Martihottx, loc, cit, § 366). Fix in a 
chromic liquid, wash, stain for forty-eight hours in strong (5 per 
cent. Pfitzner’s) solution of safranin, wash, dehydrate, clear, and 
mount in balsam. Elastic fibres black. 


ELASTIC TISSUE 467 

The staining will be performed quicker if it be done at the temperature 
of an incubating stove (Griesbach, ibid,, iv, 1887, p. 442). See also 
FeRRIa {ibid,, V, 1888, p. 342). 

See also Mibelli, Mon, Zool, Italiano, 1, p. 17, or Zeit, wiss, Mik,, vii, 
1890, p. 225 (the report in Journ, Roy, Mic. Soc,, 1890, p. 803, is vitiated 
by a misprint). Other basic dyes have been recommended. 

1033. Kresofuchsin (Rothig-, see § 369 M^.). 

1034. Orcein. This method is due to Tanzee, and as modihed 
by Unna is known as the Tanzee-Unna method, see third 
edition, or Monatssch. prakt, Dermatol,, xii, 1891, p. 394. 

Unna’s Modified Orcein Method {Monatssch, praM, Dermatol,, 
xix, 1894, p, 397; Zeit, wiss, Mik,, xii, 1895, p. 240), Griibler’s 
orcein 1 part, 5 per cent, hydrochloric acid 1 part, absolute alcohol 
100 parts. Stain sections for thirty to sixty minutes, or for ten to 
fifteen at 30*^ C., rinse in alcohol, clear, and mount. Elastin dark 
brown, collagen light brown. 

Mallory uses Tanzer^s Orcein (§ 1034). Filters on to slide, warms 
over small flame for ten to fifteen minutes until solution thickens, or 
leaves overnight at room temperatures (cover slides), wash off in 70 
per cent, and then in distilled water. The ripened polychrome methy- 
lene blue is then used, or an alum haematoxylin. Differentiate upgrade 
and mount in balsam. Elastin deep brown. 

See also Merk, Sitz, Akad, IFfss. TF^en, cviii, 1899, p. 835 ; Pranter, 
ibid,, xix, 1903, p. 361 (he takes 2 per cent, of nitric acid instead of the 
hydrochloric, and stains six to twenty-four hours) ; Wolff, ibid,, p. 
488 ; the article “ Elastin ” in Enzyk, mik, Technik, ; Bxid E. and 
T. Savini, Zeit. wiss, Mik,, xxvi, 1909, p. 34. 

1035. Weigeet’s Resorcin-Fuchsin Method allg. Path., 

ix, 1898, p. 290). One per cent, of basic, fuchsin and 2 per cent, 
of resorcin (or of carbolic acid) are dissolved in water. Two 
hundred cubic centimetres of the solution are raised to boiling- 
point in a capsule, and 25 c.c. of Liquor ferri sesquichlorati P. G. 
are added, and the whole is boiled, with stirring, for two to five 
minutes more. A precipitate is formed. After cooling the 
liquid is filtered, and the precipitate which remains on the filter 
is brought back into the capsule, and there boiled with 200 c.c. 
of 94 per cent, alcohol. Allow to cool, filter, make up the filtrate 
to 200 c.c. with alcohol, and add 4 c.c. of hydrochloric acid. 

WoLFRUM {Zeit, wiss, Mik,, xxv, 1908, p. 219) adds 10 to 15 
per cent, of acetone to the mixture. Stain sections (of material 
fixed in any way) for twenty minutes to an hour, wash with 
alcohol, clear with xylol (not with an essence). Elastic fibres 
dark blue on a light ground. 

1036. Gentian Violet (Crystal Violet) for Weigert’s Elastic Tissue 
Stain (Sheridan, Journ, Tech, Meth, and Bull, Inter, Assn, Med, 
Museums, 1929). Crystal violet 1 grm., resorcin 2 grm., distilled 
water 100 c.c. Dissolve by boiling for a few minutes, stirring 
constantly. Add to boiling mixture 30 c.c. of a 30 per cent, 
aqueous solution of ferric chloride. Continue boiling, stirring 
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constantly, for several minutes or until preGipitation ceases. 
Collect precipitate on the filter and wash with 50 c.c. of distilled 
water. Dissolve in 100 c.c. of absolute alcohol by boiling in a 
porcelain cap>sule on a sand-bath. Cool, filter and add 2 c.c. 
HCI. Stain sections for one or two hours and differentiate in 
absolute alcohol till elastic fibres alone remain. 

Mnervini {ZeiL wiss, Mik,^ xviii, 1901, p. 161) gives a variant with 
safranin instread of fuchsia. 

1037. Haematoxylin Methods. Harris (ZdL wlss, Mik., xviii, 1902, 
p. 290) makes an Elasthmmatein ” as follows : Hsematoxylin 0-2 grm., 
aluminium chloride OU grm., alcohol of 50 per cent. 100 c.c. ; boil and 
add mercuric oxide 0*6 grm., filter and add 1 drop of HCI. Keep for 
some weeks. Stain for five or ten minutes, put into alcohol with 1 per 
cent, of nitric acid for one minute, then pure alcohol. 

1038. Drew^-Murray van Gieson-Nile Blue Method for Connective 
Tissues (and Bacteria). Fix in formol-salt solution. Prepare paraffin 
(or frozen) sections. Stain one to three minutes in Van Gieson’s picric 
acid-acid fuchsin solution. Wash in aqua dest. ; treat in 2 per cent. 
Nile blue sulphate solution in aqua dest. for from two to twenty-four 
hours. Wash in changes of aqua dest. till the latter is tinted pale blue. 
Stain again in van Gieson one to five minutes. Wash in aqua dest. till 
wash-water is pale yellow. Dehydrate rapidly with absolute alcohol 
from drop bottle. Clear quickly in xylol (not more than a minute). 
Differentiate in clove oil from five minutes to several hours (the longer 
period is for frozen sections.) Wash in xylol — Canada balsam. 

In successful preparations nuclear chromatin a saturated transparent 
blue, mast cell granules nearly black, collagen red, kef'atin and ery- 
throcytes orange yellow (if bacteria are present they stain blue), 
(Ueport of Imper, Cancer Research Fund^ 1919.) 

1039. The Gram-Glynn Bacteria Stain for myelin, connective 
tissue and Gram-negative and Gram-positive bacteria. This 
stain is placed here because, like the Drew-Murray technique, 
it is useful for connective tissues, and it is an easy polychrome 
method. It is one of the methods chosen by Mallory ; the follow- 
ing is from the Biological Stain Commission leaflet. Fix in Zenker 
without acetic acid, Helly, Bouin or 10 per cent, formol. 
Imbed in paraffin. 

Staining schedule : 

Remove paraffin from the sections in the usual manner and stain 
two minutes in the following staining solution. Crystal violet, 1 grm. 
and phenol crystals, 1 grm. grind in a mortar and add 10 c.c. of absolute 
alcohol. Dilute this stock solution ten times with distilled water ; 
allow to stand for forty-eight hours and filter before using. After 
staining drain but do not wash. Treat one minute with Gram’s iodine 
solution. Place in acetone ten to fifteen seconds, until no more colour 
is removed. Wash in tap water. Stain three minutes with 0 05 per 
cent, basic fuchsin in N/500 HCI (pH 2-3). Drain but do not wash. 
Treat thirty to sixty seconds with saturated aqueous trinitrophenol 
(about 1 per cent.). Wash in tap water. Differentiate. Dehydrate 
ten to fifteen seconds in acetone. Clear and mount in balsam. If 
successful the Gram-positive bacteria are deep violet, Gram -negative 
bacteria — deep red, nuclei — lighter red, cytoplasm — faint yellow, 
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nuclei of nerve cells— show differentiation of nucleoli and Nissl bodies, 
axones — ^unstained, myelin sheaths — violet, oedema fluid— pale pink, 
fibrin and fibres of connective tissue — ^pale pink, erythrocytes— yellow, 
clubs of Actinomycetes — ^red, diphtheria bacilli — ^barred and granula 
forms, human tubercle bacilli — ^less deeply stained than other Gram- 
positive organisms, and distinctly beaded. 




CHAPTER XXXVIII 


EMBRYOLOGICAL METHODS 


1040. New Advances. In nearly every case the newest advances 
in ordinary embryologieal technique are constituted by the improve- 
ments in fixation reported in the new sections on Cytology, Glands, 
and in Imbedding (§§ 173 et seq.). It would be a great mistake 
for observers to consider that fixation and staining methods, such 
as those of Champy-Kull, Kopsch, or Flemming-without-acetic 
acid, and iron hsematoxylin, are of no concern to embryologists. 
For instance, amphibian embryos, such as those of Triton (Molge) 
prepared by Champy-KulFs method, are extremely beautiful and 
instructive for study, for not only does one procure cytological 
perfection, but also a staining which is polychromatic. For the 
study of invertebrate, embryology, the mitochondrial methods 
open up a new field for research. 

The reliability of many of the new neurological methods (see 
§§ 1082 to 1216) has been brought to a state which should now 
induce embryologists to devote even rare material for preparation, 
and to use the neurological methods much more widely than at 
present is the case. 

In § 684 is a special treatment of the study of fats, the newer 
methods for which can readily be used for embryologieal studies. 
In § 703 is a section on “ Microchemical Methods.” In § 612 to 
§ 650 is a report on “ Intravital Staining.” The newer imbedding 
methods will be useful (§ 173 et seq.), 

1041. Artificial Fecundation. This practice, which affords the 
readiest means of obtaining the early stages of development of 
many animals, may be very easily carried out in the case of 
Amphibia, Teleostea, Cyclostomata, Echinodermata, and many 
Vermes and Coelenterata. 


In the case of the Amphibia, both the female and the male should 
be laid open, and the ova extracted from the body cavity, and placed 
in a watch-glass or dissecting dish, and treated with water in which 
the testes, or, better, the vasa defierentia, of the male have been teased. 
* Females of Teleostea are easily spawned by manipulating the beUy 
with a gentle pressure ; and the milt may be obtained from the males 
in the same way. (It may occasionally be necessary, as in the case 
of the Stickleback, to kill the m^le, and dissect out the testes and tease 
them.) The sj^rmatozoa of fish, especially those of the Salmonid^, 
lose their vitality very rapidly in water ; it is therefore advisable to 

* This Chapter WM partly revfeed Mm the' notes of the’ late Br. H, W- 
Weatherford. , 
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add the milt immediately to the spawned ova, then add a little water, 
and after a few minutes put the whole into a suitable hatching apparatus 
with running water. 

Artificial fecundation of Invertebrates is easily performed in a similar 
w^ay. For methods of artificial Parthenogenesis see Harvey, Biol. 
Bull. Woo(Ls Hole^ 1910, p. 269. 

1042. Superficial Examination. The development of some 
animals, particularly some invertebrates, may be to a certain 
extent followed by observations of the living ova under the 
microscope. This may usefully be done in the case of various 
Teleosteans, such as the Stickleback, the Perch, Macropodus, and 
several pelagic forms, and with Chironomus, Asellus aquations, 
Ascidians, Planorbis, many Coelenterata, etc. 

Some ova of insecta and Arachnida which are completely 
opaque under normal conditions become transparent if they are 
placed in a drop of oil ; if care be taken to let their surface be 
simply impregnated with the oil, the normal course of develop- 
ment is not interfered with (Balbiani). 

1043. Fixation. Osmic acid, employed either alone or in com- 
bination with other reagents, is an excellent fixing agent for small 
embryos, but not at all a good one for large ones. It causes 
cellular elements to shrink somewhat, and therefore brings out 
very clearly the slits that separate germinal layers, and any 
channels or other cavities that may be in course of formation. 

In virtue of its property of blackening fatty matters, myelin amongst 
them, it is of service in the study of the development of the nervous 
system. 

Chromic acid is indispensable for the study of the external forms of 
embryos ; it brings out elevations and depressions clearly, and pre- 
serves admirably the mutual relations of the parts ; but it does not 
always preserve the forms of cells faithfully, and is a hindrance to 
staining in bulk. 

Picric liquids have an action which is the opposite of that of 
osmic acid ; they cause cellular elements to swell somewhat, and 
thus have a tendency to obliterate spaces that may exist in the 
tissues. But notwithstanding this defect, the picric compounds, 
and especially Bouin, are amongst the best embryological fixing 
agents. Recent authors stress the fact that Bouin should not be 
used longer on thin embryos than two to three hours as it overfixes 
if left overnight. 

ScHBiDDE {Zeit. wiss. Mik., xxvii, 1910, p. 362) finds Orth’s 
“ Formol-Muller ” in general the best fixative. Fix for not more 
than twenty-four hours, and pass through graded alcohols (twenty 
minutes in each) into absolute (one to two hours), cedar oil, xylol, 
and paraffin. 

Thompson Flynn and J. P. Hill (op, cit) use bichromate 
formol acetic of Smith for yolky mammalian eggs in preference 
to all other fixatives. 
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The Carnegie Embryology Laboratory finds formol, Bouin, Susa 
Zenker good, alcohol bad, for fixing embryos. They usually double 
imbed in celloidin and wax. Most accidently acquired human material 
is fixed in 10 per cent, formalin, and the question arises as to how 
matters can be improved therefrom. There can be no doubt that 
post-chroming as for Regaud or Schridde would improve matters, and 
if the material is small, the post-osmication method of SJdvall is worth 
trying. If osmication be a failure, the sections can be bleached and 
stained in hsematoxylin. 

Rabl {Zeit xviss. Mik,, xi, 1894, p. 165) recommends for embryos 
of Vertebrates, and also for other objects, his platinic sublimate, § 81. 
This serves for a large number of blastoderms and young embryos 
(Pisces, Amphibia, Aves, Mammalia). Advanced embryos of Teleostea 
ought to be fixed in the warmed mixture, in order to avoid rupture of 
the muscles and shrinkage of the chorda. 

Some of his best results were obtained by a not too jwolonged fixation 
in a mixture of 

Platinic chloride, 1 per cent, solution . , 1 volume. 

Picric acid, saturated aqueous . . . 2 volumes. 

Distilled water . . , . , . 7 ,, 

Rabl’s picro -sublimate mixture has been given, § 76. It is recom- 
mended especially for somewhat advanced embryos, such as embryo 
chicks from the third or fourth day, and other embryos of a similar 
size. 

Boveei (Verh. Phys, Med. Ges, TFfehwrg, xxxix, 1895, p. 4), in order 
to imbed and cut together numbers of ova of Echinoderms, wraps them 
in pieces of sloughed epidermis of Cryptobranchus (of course, other 
Urodela will do). Sobotta {Arch. mik. AnatA^ 1897, p. 31) takes pieces 
of amnion of Mammalia. 

Sanzo (ZeiL xviss, Mik. , xxi, 1904, p. 449) describes an automatic 
apparatus for fixing material at definite stages. 

1044. Removal of Albumen. The thick layers of albumen that 

surround many ova are a serious obstacle to the penetration of 
reagents. Child Entwickelimgsmech.^ ix A 1^00, p, 587) 

gives the following as of very general applicability. After fixation 
(in any way except with chromic acid) the ova are brought through 
graduated alcohols up to that of 80 per cent., in which they are 
hardened. They are then brought down again through successive 
alcohols into water acidified lightly with any acid (except chromic 
acid), and the albumen is found to become transparent and 
dissolve. See also § 1078. 

1045. Reconstruction of Embryos from Sections. To facilitate 
the study of series of sections, recourse may be had to graphic or 
plastic reconstruction of the objects. 

In simple cases it may be suiHicient to adopt the plan described 
by Schaffer (Zeit wiss. Mik., vii, 1890, p. 342). Careful outlines 
of the sections to be constructed are drawn on tracing paper with 
the aid of the camera lucida, superposed, and held up against the 
light for examination by transparence. Vosmaee {Anat. Anz., 
xvi, 1899, p. 269) draws on plates of celluloid, and sets them up 
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in a rack for examination. Kerb {Quart. Journ, Mic. ScL, xiv, 
1902, p. 1) draws on plates of ground glass which he afterwards 
superposes and makes transparent by oil of cloves run in between 
them. Pensa {ZeiL wiss. Mik., xxvii, 1910, p. 48) takes sheets 
of lithographic gelatine. Woodworth (Zeit. wiss. Mik., xiv, 1897, 
p. 15) proceeds as follows : (1) Draw an axial line of the length of 
I the object multiplied by the magnification employed. (2) Measure 

I with a micrometer the greatest diameter of each section. (3) Plot 

these diameters down transversely on the axial line at distances 
corresponding to the thickness of the sections multiplied by the 
magnification. (4) Join the extremities of these diameters ; this 
will give you an outline of the object. (5) Measure off on each 
section the nearest and farthest limits (from the margin) of the 
organs to be filled in, and plot them down on the transverse lines 
(3), and join the points as before, i.e. from section to section ; this 
will give you the outlines of the organs. 

This process is best applicable to reconstruction from transverse 
sections, but it can be applied to reconstruction from sections in 
any plane if the object can be provided with a plane of definition 
at right angles to the plane of section. This may be established by 
cutting off one end of the object, or the like (see also Orientation, 
§§ 164, 1054). 

To make a simple plastic reconstruction, camera drawings (or 
photographs) of the sections (all made at the same magnification) 
are pasted on pieces of cardboard of a thickness equal to that of 
the sections multiplied by the magnification employed. Then the 
parts of the drawings representing the cavities of the objects are 
cut out with a knife or fretsaw, cutting through the cardboard ; 
and the pieces of fretwork thus obtained are pasted together. 

Many useful modifications of this method have been devised. Card- 
board is rather hard to cut, and not conveniently got of the required 
thickness. The late Professor Arthur Thompson, of Oxford, used 
numbers of sheets of blotting paper to the required thickness, soaked 
in beeswax ; this makes a very tough substance, and the models, 
when made, can be handled without chance of injury ; other workers 
use beeswax plates alone or with 5 per cent, vaseline, drawing the out- 
line with some sharp instrument and cutting out with a hot knife. 

Mr. Pittock, of the Embryological Laboratory, University College, 
London, uses a modification of K. Peter’s method {vide infra). Rather 
thin paper is used for drawing the outline of the object. Professor 
J. P. Hill uses special rolls of paper, so that the diagram of each of 
1 hundreds of sections may be safely rolled up in order till wanted. 

I A large flat stone is used for the manufacture of the wax plates, with 

two brass gauges of the required thickness placed at a distance which 
; will accomodate in between them the square of paper with the drawing. 

( Instead of treating the paper with turpentine, according to Mr. Pittock’s 

; method, the drawing is rapidly floated over the surface of a dish of 

I water, drawing side down, then laid upon the stone, between the 

I metal gauge, and the superfluous moisture smoothed off with a sheet 




Fig. 6. 


Fig, 7. 


lower the surface tension and allows the ink to flow up the wedge 
between the sections. Keep shaking the ink during use. A fine 
paint brush is necessary. The dried paint is permanent, and the 
end result is a series of accurately spaced guide lines for reconstruc- 
tion. Consult Pusey also for “ contour pictures,” “ projectional 
method, etc. Pusey uses “ Sketching Bank ” made up into 
pads of 100, under the name “ Layout Pad,” sold by Messrs. 
Lewis & Co., Gower Street, London, W.C.l. The paper used 
must not be loaded with kaolin, which reduces its transparency 
m xylol. Pusey prefers a micro-projector to a camera lucida. 
Drawing made on the paper naay either be used for contour 
pictures, projection reconstructions or they may be finally placed 
on wax plates and reconstructed by the older method. 

Reconstrurtions. The finished models have been variously 
painmd by recent workers. Sprayed paints are popular ; in one method 
^ and subsequently smoothed on the model, 
suspended m a dilute solution of CuSO., and coated 
m^ of a large dry cefl. This idea js due to Dr. A. 
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of blotting paper. The melted wax is poured on to tlie paper, and a 
heated metal roller, passing over the metal gauge, leaves just the 
required amount of wax on the paper. The latter easily peels off the 
surface of the stone. 

H. K. Pusey {J. R. M. S., lix, 1939) has greatly improved the 
technique of reconstruction. The wax block is accurately trimmed 
to an exact rectangular prism. When fixed to the microtome 
holder, the comers of the block at opposite ends of a diagonal 
of the face are cut right down, so as to produce a hexagonal 
figure (Fig. 6). Place this block in the microtome with the long 
axis exactly at right angles to the knife. The sections when cut 
appear as in Fig. 7. The ink is applied to the wedge-like angles 
left between the sections on the glass slide. The ink is egg albumen 
1 vol., India ink 2 vols. ; to ten vols. of this mixture add 1 vol. 
saturated solution of sodium taurocholate or glycocholate. These 
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1046. Mammalia and Aves (In days). 


■ 


Cycle Gestation or Incubation 

Mouse . ■ . . . , . 4-6 20J 

Rat . . . . 4 21-22 

Guinea-pig . . . 15-16 65-70(67-68) 

Rabbit (irregular) . , — 28-30 

Dog (twice annually) . — 63-65 

Cat (ditto) . . , — 56-59 

Sheep (once a year) * — 154 

Pig (twice, April and Sept,) — 120 

Pigeon . . . . — 181 

Hen , ' . . . . , . . — 21 

Duck . . . . — 28 (temperature 38-39® C. or 

Goose .... — 30 [ circa 104® F. 

Turkey . . . . - — 28 

Guinea fowl , . . — > 26 J 

1047. Vaginal Smears.* These are made on a glass slide and 
fixed before drying, in equal parts of 95 per cent, alcohol and 
ether. Transfer to 80 per cent., down grade 'to water. Stain in 
Harris and eosin, or Ehrlich (five minutes) running water for 
fifteen minutes, 0*5 per cent, eosin, water three to four minutes, 
then one minute in 0*5 per cent. Water blue, upgrade from 50 
per cent, alcohol (Papanicolaou, Amer. Journ. Anat., Hi, 1933). 
The vaginal smear material (human) is got with an 8-inch long 
pipette, I inch in diameter, with slightly curved end, fitted at 
straight end with strong rubber bulb to produce suction : be 
Allende, Shore, E., and Hartman, C., Contrih, to Embryol., 
Vol. 31, 1945, in their study of the rhesus used a similar smaller 
pipette. When and if dry, a little salt solution was used in the 
vagina, but better not. Fixed in alcohol-ether for three minutes 
or longer, down grade as above, stain half a minute in Harris, 
dip once or twice in aqua dest., and ten times in 0*5 c.c. concentrated 
ammonia in 200 c.c. aqua desk, rinse in tap water. Stain one 
minute in Biebrich scarlet + orange G solution (water soluble 
Biebrich, 1 grm. orange G, 0*4 grm. aqua dest., 100 c.c. glacial 
acetic, 1 c.c.). Mordant for one minute in equal parts of 5 per 
cent, phosphomolybdic acid and 5 per cent, phosphotungstic 
acid in aqua dest. ; now rinse in tap water and stain in Fast green 
F. C. F. solution for two minutes (Fast green N. A. C. 0*75 grm. 
aqua dest. 100 c.c. acetic acid glacial 0*75 c.c.), do not rinse. Place 
in 1 per cent, acetic acid half a minute, transfer to aqua dest., 
upgrade from 50 per cent, to xylol, mount in damar. 

For getting smear material from smaller mammals an appro- 
priately sized flattened glass rod may be used. The vaginal 
smear method is useful in forecasting the time of ovulation. 

1048, Times for Early Development. The entry of the sperm 
into the egg of the mouse takes place from six to ten hours after 

* This method works well for Sepen Smears. 
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copulation (Sobotta, Arch. mik. Anat. Bd., 45). The pro-nuclei 
stage of fertilisation is found from eighteen to twenty-two hours 
two-ceU stage twenty-six hours, four-ceU, fifty hours, eight-cefi’ 
s«ty hours after copulation : the egg remains in the tube about 
eig^hty horn. J. A. Long and E. L. Maek {Contrib. Zool. Lab. 
Museum, Harvard, Cameg. Inst. Wash., No. 142, 1911 ) find in the 
mouse that ovarian eggs within fifteen or sixteen hours after 
parturition have formed the filrst maturation spindle. Fertilised 
egp are obtained from animals killed between twenty-three and 
thirty-one hours post parirnn. The time required for the sperma- 
tozoa, after introduction into the uterus (either artificially or by 
coitus) to reach the eggs in the first part of the oviduct varies 
Irom four to seven hours in mice inseminated about the same 
number of hours post partum. To obtain free eggs for study, 
Mark and Long kill mice fourteen to seventeen hours after 
parturition, the ova being fomd in a fold of the oviduct. 

In the rat the eggs are found in the oviduct about 18-7 hours 
and oi^ation occurs in less than eighteen hours post partum. 

In the rabbit the pro-nuclei stage of fertilisation occurs about 
tourteem hours, m the guinea-pig twenty-two to twenty-four 
hours after copulation (Sobotta). The rabbit’s egg, like that of 
the guinea-pig, remains about eighty hours, the dog’s egg eight 
to ten dap in the tube (Bothig, Embryol. Technik). ^ ® 

CondtUm of Ovary as Index to Pregnancy. On opening the 
body cavity of a mammal, first of all examine the ovary. By 
so doing one can estimate roughly the time that has elapsed 
since the Jschmge of the ovum or ova. Prominent stigmata 
or m^s with a blood-clot centre indicate recent ovulation while a 
smooth surface of yeUowish appearance indicates a corpus luteum 

1 elapsed since ovulation. 

1049. Isolation of the Eggs and Early Stages.* The tub^ and 
rithT uteri are dissected out and treated in one of two ways : 
either the isolated tuba after straightening is washed out from the 
funnel opening with warm salt solution, or with some fixative like 

Tb "7^ uu the other hand the whole 

length of the tube is laid open and spread out with a scalpel or 
sharp scissors and needles, and the eggs are looked for under a 
dissecting microscope. 

rubbe? ^ ** tu use a good 

to toto f uut toely 

enougn to pass mto the oviducal opening. Kdlliker user! 

uses sobd crystal dishes, which can easily 
for binocular microscope. As a fluid 

r wasnmg out Hill s picromtric osmic (vide infra) weak formnlin 
or w^k osmic acid are probably as good as aTSg The 
of this injection method depends on the amount Villus in the S 

* See Allen and co-workers, Cmtrib. Embryol. Carneg. Imt. Wash., 1M4. 
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and on the condition of the folds in its mucosa ; if the eggs are not 
found after the injection, the walls of the tube may be opened up 
with scissors and the lining scraped away with a small scalpel; the 
mucus thus procured may be diluted with a little indifferent fluid 
and examined on a slide under the microscope. Both operations of 
injection or of opening the tuba may succeed with comparatively 
large animals like the rabbit and dog. It is practically impossible to 
slit open the tuba of the cat. 

In cases where the subject is small, as, for instance, the mouse, it is 
necessary to preserve the whole oviduct and use a fixative sufficiently 
penetrative to act quickly. Even with the guinea-pig the lumen of 
the tube is so small that it is difficult to remove the ova ; we consider 
that attempts to press out the contents of the tubes are dangerous. 
In such cases it seems better to cut the tube into lengths with a razor 
and to fix whole (vide infra). Bischoff in his study on the guinea-pig 
(Giesson, 1852), and Ballowitz (Arch. Anat. Physiol, 1883) both 
resorted to the method of squeezing out the contents of the tubes. 

When found the ova are picked up with the point of a cataract 
needle or a scalpel, on a piece of black paper cut to a point, or 
with a pipette, and either examined fresh in the peritoneal fluid 
or blood serum of the animal, or in Kronecker’s or other artificial 
serum media, or better fixed immediately. 

Van der Stricht method of obtaining Ova from Fallopian Tube of Dog. 
Dissect out tube and stretch straight. Divide across into two parts. 
Then with gentle pressure from scalpel, squeeze along the len^h of 
the segment, so as to express the contents on a clean slide. A drop of 
viscid fluid exudes in which should be the ova. Fix by osmic vapour 
method, by inverting over mouth of osmic bottle. The fluid will 
coagulate and the block may be cut and transferred to the desired 
fixative. 

In the case of a large animal such as the rabbit, the same does may be 
made to serve for two observations, at some hours’ or days’ interval. A 
longitudinal incision of 8 to 10 centimetres’ length is made on the 
medial or a lateral line of the abdomen ; an assistant keeps the intes- 
tines in their place ; a ligature is placed at the base of one of the uterine 
cornua, beneath the neck, and a second ligature around the meso- 
metrium and mesovarium. The ovary, the tuba, and the cornus of that 
side are then detached with scissors. The abdomen is then closed by 
means of a few sutures passing through the muscle-layers and the skin. 
The animals support the operation perfectly well, and the development 
of the ova of the opposite side is not in the least interfered with. When 
it is desired to study these the animal may be killed, or may be sub- 
jected to a secondary laparotomy if it be desired to preserve it for 
ulterior observations. This method, however, cannot be carried out in 
England without a licence. 

This procedure was also adopted by Hartmann in his study on 
Didelphys (nide m/ra). 

1050.-^ Fixation of the Isolated Ova. These can be fixed in a 
chrome-osmium or F.W.A., Helly, Champy and formol are 
indicated. Eggs may be left in one of these fluids overnight, 
then washed in distilled water. It seems likely that the fixation 
technique of Champy- Kull, of Schridde and of Murray (see 
§§ 886 et seq.) will be of great value. 
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For a study of the, Golgi elements the. methods of Cajal and 
Aoyama and of Ludford are worthy of trial, but .rather more 
difficult to work than chrome-osmic or chrome-formol techniques. 
Where there may be a difficulty of penetration chrome-formol 
fluids will be found better than chrome-osmium. A perusal of 
the sections on Mitochondria and Golgi apparatus will provide 
suggestions for the treatment of the early stages in mammalian 
development. Van Beneden {Arch, de Biol,, ISSO, p. 149) 
brings the living ovum into a drop of 1 per cent. OsOi on a slide, 
and thence into a solution of Muller. After an hour the liquid 
is changed, and the whole is put into a moist chamber, where it 
remains for two or three days. It is then treated with glycerine 
of gradually increasing strength, and at last mounted in pure 
glycerine acidified with formic acid. We are inclined to believe 
that the Champy-Kull or Regaud fixation (the latter with a post- 
osmication) would be much superior to the above method, that is 
for sectioning. 

Many authors have used picro-nitric, picro-sulphuric, picro- 
formol with or without corrosive, chromic-acetic acid, Flemming 
and Hermann, and so on, but one cannot help thinking that the 
more modern and logical fixation methods will be better. This 
seems borne out by the late work of Lams {Arch, de Biol., t., xxiii), 
and Levi {Arch.f. Zellf,, xiv.) 

J. P. Hill {Quart. Journ, Mic. Soc,, 1910) gives the formula of 
a “Marsupial mixture” for fixation of ova and blastocysts of* 
Marsupials. This fluid is made by adding to 96 c.c. of Mayer’s 
picro- nitric, 2 c.c. of 1 per cent. OSO 4 . Two c.c. of glacial acetic 
acid may be added, but the picric acid is sufficiently penetrative 
without the addition of acetic acid. 

J. A. Long (Contrib. Zool, Lab. Museum Compar. ZooL Harvard, 1912) 
describes an ingenious constant temperature box for working with fresh 
egg of mammalia. A circulation slide is also described in detail. So far 
J. A. Long has succeeded in keeping mice eggs alive and under observa- 
tion for only twelve hours. 

J. A. Long and E. L. Mark {op. cit.) use a modified Zenker for their 
study on mouse eggs. They fix for from twenty to sixty minutes in a 
mixture of (A) 4 per cent, bichromate of potash, (B) 4 per cent. (aqua, 
sol.) sublimate and 20 per cent, acetic acid. For use, mix equal portions 
of A and B. Wash out in warm water for twelve to fourteen hours, 70 
per cent, alcohol and iodine twelve to fourteen hours, quickly dehydrate, 
clear in xylol and imbed in paraffin. Mark and Long’s fixative appears 
to us (on paper at least) to be far too acid. It may be indicated for 
chromosome work. ^ 

T051. Subsequent Treatment of Ova. After fixation the eggs or 
blastocysts should be brought into 30 per cent, alcohol and slowly 
upgraded to 90 per cent, alcohol : at this stage they may be stuck 
on pieces of liver or brain by Minchin’s albumen method ; the 
placed on the liver and albumen is gently pipetted over it. 
The alcohol coagulates the albumen, and enables the object to be 
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handled more easily. Another method used by J. P* Hill (Quart, 
J own. ■ Mic, Science, 1910) is to bring the ova into alcohol absolute 
and then into equal parts of alcohol absolute and ether. Then 
take a hand- cut section of liver or brain (which has been stored in 
absolute) place 1 drop of 0-5 per cent, solution of photoxylin (or 
celloidin) in equal parts of absolute alcohol and ether ; then 
transfer the egg on a fiat camel’s hair brush to this drop, and harden 
the object in 15 per cent, chloroform in 90 per cent, alcohol. 
Transfer to equal parts of absolute alcohol, xylol and chloroform. 
Then equal parts of chloroform and xylol, and imbed in paraffin 
wax. ' 

The process of sticking the eggs to the hard cut liver or brain section 
should be carried out under a dissecting microscope. See §§ 159, 164 
for other methods. 

1052. Uterine Eggs. During the /owri^, and sixth days 
after copulation the ova of the rabbit are free in the uterine 
cornua ; , they are easily visible to the naked eye, and may be 
extracted by the same manipulations as those of the tubes. After 
the sixth day they are at rest in the uterus, but have not yet 
contracted adhesions with the mucosa, so that they can still be 
extracted whole. At this stage the parts of the cornua where the 
ova are lodged are easily distinguishable by their peculiar aspect, 
the ova forming eminences of the size of a pea. The cornua should 
be cut up transversely into as many segments as there are 
eminences, care being taken to have the ova in the centre of the 
segments. You then fix each segment by means of two pins on 
the bottom of a dissecting dish, with the mesometrical surface 
downwards and the ovular eminence upwards. The dissect ing- 
dish is then filled up with serum or liquid of Mulleh, or OT per 
cent, solution of osmic acid, Bouin’s fluid, Hill’s fluid, Helly’s 
fluid or 10 per cent, formol. See sections on “ Cytology,” §§ 886 
to 941, With a small scalpel a longitudinal incision is made on 
the surface of the ovular emin nee, not passing deeper than the 
muscular layer ; the underlying uterine mucosa is then gently 
dilacerated with two pairs of small forceps, and the ovum set free 
in the liquid. 

From the moment the ova have become adherent to the uterine 
mucosa they can no longer be extracted whole. The embryo being 
always situated on the mesometrical surface, the ovular eminence 
is opened by a crucial incision, and the strip of mucosa to which 
the embryo remains adherent is fixed with pins on the bottom of 
the dish. Ed. v. Beneden (see Arch, de Biol.^ v, fasc. iii, 1885, 
p. 378) has been able by operating in this way in serum of 
Kronecker, and keeping the whole at blood temperature, to observe 
the circulation of the embryo for hours together. (If this be 
desired to be done, the crucial incision should not be too extended, 
so as to leave the terminal sinus intact.) 
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Retteher (C. E, Soc, de BioL, 1887, p. 99) advises that for 
ova of tlie seventh day the segment of uterus containing them be 
opened on the mesoineinal surface^ for at that date no adhesion has 
yet been contracted with that side. By running in liquid of 
Kleinenberg by means of a pipette between the ovum and the 
free surface of the uterus, the ovum may be got away in the shape 
of a closed vesicle. 

C. G. HartMxINN {Journ. Morph., 1916), in his study of the 
development of the opossum, used Carnoy’s, Bouin’s, Flemming’s 
and Hill’s fluids. He found Hill’s “ Marsupial mixture ” a perfect 
fixing fluid for marsupial eggs. J. P. Hill now recommends leaving 
out the ascetic acid for delicate objects, 

1053. Blastoderms and Later Embryos. The routine methods of 
embryology apply here in general. Great care must be exercised 
to avoid rough treatment caused by upgrading the object too 
quickly. Tlie same remark applies even more particularly to 
clearing, which to get the best result should be done very 
gradually. 

In order to bring out the outlines of blastoderm cells the living 
ovum may be brought iirto J per cent, solution of nitrate of silver. 
After remaining there for half a minute to two minutes, according 
to the age of the vesicle, it is brought into pure water and exposed 
to the light. The preparations thus obtained are instructive, but 
blacken rapidly, and cannot be permanently preserved. 

The blastodermic vesicle can be opened with fine needles, and 
the blastoderm washed, stained, or impregnated with gold, and 
mounted in glycerine or balsam. 

For embryonic areas and more advanced embryos, refer to 
“ Cytology,” §§ 886-941. Kolliker recommends putting the 
ovum into 0*5 per cent, solution of osmic acid until it has taken on 
a somewhat dark tint, which happens in about an hour, and then 
treating it with successive alcohols for several hours. If the ovum 
be adherent to the uterine mucosa the portion of the membrane 
to which it is fixed should be left, stretched out with pins, in 0*1 
per cent, solution of osmic acid for from four to six hours. The 
blastodermic vesicle can then easily be removed, and further 
treated as before. For sections Kolliker fixes with osmic acid. 
V. Beneden trjeats the ova for twenty-four hours with 1 per cent, 
solution of chromic acid, then washes well, and brings them 
through successive alcohols. Chromic acid has the advantage of 
hardening thoroughly the vesicle, and maintaining at the same 
time the epiblast cells perfectly adherent to the zona pellucida. 
v. Beneden also recommends the liquid of Kleinenberg. 
Henneguy writes that he frequently employs it for embryonic 
areas and embryos of various ages, alw^ays with excellent 
results. Fol’s modification of the liquid of Flemming gives 
excellent results. For staining, Henneguy recommends borax- 
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carmine, or DelafielcFs hicmatoxyiin for small embryos ; for 
large ones he found that his acetic acid alum-carmine was the 
only reagent that would give a good stain in the mass. 

1054. Orientation of Eggs and Embryos. Many methods have been 

proposed, some complicated and not worth the time they take. 
Weatherford uses a card of bristol hoard ruled with draiightman’s 
pen and waterproof ink into 5 mm. squares. The card is put under 
the glass imbedding plate and squared with the metal imbedding 
angles. For young intra-uterine embryos for sectioning, M. C. GoimwiN 
(Stain Tech., xix, 1944) after fixation, etc., clears in cedar wood or 
suitable oil, cuts away muscle coat from expanded portion of uterus, 
working under a dissecting microscope. The embryonic area can be 
seen as a dense line by passing through the wall of the tube a strong 
beam of light. * 

1055. On the Fixation of Whole Tubes. This may be done in 
Carnoy, Bouin or Helly. For rapidity of fixation, and faithfulness 
of preservation of cell aggregates Carnoy’s fluid or preferably 
Sansom’s modification of Carnoy are to be recommended. Chrome- 
formalin mixtures penetrate less readily, but often give fine results. 
Bonin’s fluid we have found capricious. On the whole we think 
that warm Helly or Muller-formol as a preliminary fixation are 
to be recommended for small tubes. Regaud’s or Schridde’s 
methods should give efficient fixation (§§ 909,912). Many 
workers have used the picric mixtures like picro-sulphuric and 
nitric, and Kleinenberg’s picric acid. Flemming’s fluid has also 
been used. 

In later stages of development some workers open the uterus 
under the fi^tative, or ligature one end of the organ and inject 
some fixing medium. 

Corrosive formol mixtures have been much used for this 
purpose. 

Neutral formalin of from 3 to 10 per cent, strength is often 
used for preserving later stages, after the uterus has been opened 
out. The advantage of this procedure from the cytological point 
of view is that any methods such as those of Regaud, Bensley- 
Cowdry, Sjovall, or formol-silver nitrate neurological techniques 
may subsequently be used. The chrome-pieric or alcoholic 
acetic formol mixtures are not so suitable if one has cytological 
study in view. 

1056. On Clearing Mammalian Material. This is an important 
matter, because delicate embryos are easily shrunken up, or even 
not properly dealcoholised, by injudicious methods. J. P. Hill 
always clears in two stages. Dehydrated embryos are brought 
into cedar wood oil in which they are left overnight. See also 
methyl benzoate method (§ 208). The cedar wood oil is sub- 
sequently washed out in benzol for several hours according to 
size of object. Paraffin parings are then added to the benzol, 

VADE-MECUM. : 10 
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contained preferably in a tube, and the latter is then left over- 
night uncovered on the top of the bath, and subsequently put 
into pure wax. This method ensures a gentle dealcoholisation, 
and an efficient imbedding. Neither cedar wood oil, terpineol, 
nor benzol cause the tissue to become brittle as happens often 
when one uses xylol or chloroform (see §§ 134 et seq,), 

III recent years terpineol clearing has begun to displace cedar 
wood oil, § 148. 

Imbedding. For embryological work, of a critical character, 
especially with post-blastoderm stages, double-imbedding in 
celloidin and wax is generally indispensable (§ 200). It is only 
necessary to contrast serial sections of chick blastoderms pre- 
pared by this method with those obtained by wax imbedding 
alone to become convinced of the inability of the latter method 
to do complete justice to the details of the structure and relations 
of the embryonic tissues (Wilson and Hill, Phil. Trans. Roy. 
Soc.y 1907). For references see preVious editions. 

1057. Injection and Clearing of Larger Embryos. A considerable 
amount of useful work has lately been carried out on embryonic 
blood and lymph vessels, and on the cerebro-spinal cavities, by 
micro-injection apparatus. A suitable injection medium is blown 
or forced into the vessels of an embryo, the latter is fixed and then 
dehydrated, and cleared by the Spalteholz method (Cber das 
Durchsichtigmachen von menschlichen und tierschen Prdparaten, 
und seine iheoretischen Bedingungen, Leipzic, S. Herzel, 1911 ; 
2 Aufl., 1914). 

In an early stage in the formation of embryonic vessels and 
cavities the walls are thin and often ill-marked, and care must 
be taken not to bui*st through boundaries by excessive pressure. 
Very fine metal needles, or, better, finely drawn out glass cannulse 
are used for injecting the specimens ; the tube leading to the 
cannula is filled with the injection medium, which, by means of a 
rubber tube leading to the operator’s mouth, is blown carefully 
into the perforated vessel or cavity. Or, one may use a rubber 
bulb either worked by hand, or placed on the floor and compressed 
by the foot. See E. M. Gbeooey, Anat Record, xi, 1917. 

The injection media most commonly used are India ink, a saturated 
solution of Prussian blue, an aqueous suspension of lamp black, or 
silver nitrate (5 per cent.). The Prussian blue and India ink give about 
equal results, the blue clearing better, the ink being more opaque. 
The ink flows the better. Silver nitrate preparations are very beautiful 
and easy to analyse, but its caustic action prevents the finer vessels 
from filling. Lamp black tends to precipitate in fine flakes 
(Cunningham, vide infra). Evans {vide infra), for cerebro-spinal 
spaces of pig embryos, injected potassium ferrocyanide, 0-5 grm., 
iron ammonium citrate, 0*5 grm., aqua dest., 100 c.c., and afterwards 
immersed the embryo for one to ten minutes in a 10 per cent, formal- 
dehyde solution containing 1 per cent. HCl. The embryo was then 
fixed in Bourn’s fluid, but the Prussian blue faded after about a year. 
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Sabin {vide infra) and Cunningham, after India ink injection, 
fix in Carnoy’s fluid, place in 80 per cent, alcohol, dehydrate in 
graded alcohols, clear thoroughly, first in benzine (or benzol), and 
then in oil of wintergreen (Spalteholz). Embryos cleared by 
Spalteholz’s method may later be imbedded from oil of winter- 
green by transferring to half wax, half oil of wintergreen, and then 
pure wax. Tissues left in oil of wintergreen do not go brittle 
even after a year or two (Sabin). 

Improved methods have recently been introduced by Feankbin 
P. Reagan (University of California Publications in Zoology, 
1926), who injects with undiluted filtered India ink, fixes in 
formalin of 4 per cent, to 10 per cent, with a trace of acetic acid 
for twenty-four hours if the material is to be dissected in water. 
The fixed tissue is somewhat clear, conveniently elastic. Carnoy’s 
fluid shrinks the tissue and renders it tough. After fixation in 
formalin acetic, the embryo is washed for an hour in tap water, 
bleached in a mixture of 3 parts of water to 1 of hydrogen peroxide, 
which may produce a few bubbles in the tissue. The bubbles may 
be liberated by punctures in the skin. The bleaching process 
may last from a few minutes to a few hours. After bleaching, and 
removal of bubbles, the material is washed for a short time 
in water. It may then be returned to formalin if not wanted 
immediately. 

Dehydration is carried out in various strengths of alcohol as usual, 
cleared in benzol, and then in pure benzyl benzoate, after which they 
are remarkably clear if illuminated with transmitted light. In direct 
light they exhibit a bluish opalescent sheen. This sheen, if objected 
to, can be removed by adding a very small quantity of oil of winter- 
green to the benzol benzoate. For storing in benzol benzoate, add a 
small quantity of Beechwood creosote. Embryos done by Reagan’s 
method are very beautiful. 

Recent workers still use India ink. Rubber latex, § 521, is being 
tried. 

1058. Staining Embryological Sections.* Some years ago the 
routine methods for embryological study were borax carmine 
and picro-indigo-carmine, and a haematoxylin and eosin. We 
have yet to see preparations which surpass for beauty,* really 
good borax carmine and picro-indigo-carmine sections. It is 
certainly true that some of the more recent polychromatic, 
many process staining methods are much inferior to the carmine 
ones. Nevertheless there has been a steady trend away from these 
older techniques towards the use of certain methods which give 
more information about the histology and cytology of develop- 
ment. It is quite possible nowadays to combine good embryo- 
logical results with a satisfactory cytological and histological 
interpretation of the material being studied. 

* §§ 1060-1064, suggested by Dr. J. P. Hill, 
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For the study of the histology of the gonads, as an example, 
the azan stain of Heidenhain, and Pasini, will be found excellent. 
Clearer cytological results will be obtained with Masson’s iron 
hscmatoxylin, fiichsin and anilin blue, while the safranin gentian 
violet and orange stain, as used by de Winiwarter, is a classic 
method for studying the behaviour of the individual cells in 
developing organs, A more intensive attack on the cytological 
aspect can be made with the special methods described in the 
cytological sections (§§ 886-948). 

1059. Staining Whole Vertebrate Embryos for Sectioning. During 
the last fifty years alum cochineal, § 236, has been used almost exclu- 
sively for staining embryos and uteri for general morphological study 
by the Harvard Embryological Laboratory. Twelve millimeter pig 
embryos should be left in the stain for thirty-six hours, smaller embryos 
a shorter time. Rinse in several changes of water to remove excess 
stain, upgrade from 50 per cent, alcohol. Imbed in paralTin. Counter- 
stain sections in orange G in 95 per cent, alcohol. The Orange G brings 
out nerves beautifully. Before staining in the cochineal, the embryos, 
after lixation, are upgraded and hardened in 80 per cent, alcoliol. 
Harris’s Haernatoxylin and Mayer’s acid htemalum are also good for 
bulk staining. Borax carmine in bulk, with sections couiiterstained 
in piero-nigrosin or picro-indigo-carmine, when well done, is a fine 
technique. 

1060, * Heidenhain ’s Azan Stain. The stain is good lor gonads, 
and general histological methods. It resembles safranin some- 
what, but gives a good cytological result, plus a fine histological 
demonstration of the various elements. Make a 2 per cent.f 
solution of azocarmin in distilled water. Acidify strongly with 
glacial acetic acid (10 to 15 drops in a small slide staining jar). 
Stain sections in slide for one hour at 55° C. Rinse in water 
and differentiate in anilin alcohol (96 per cent, alcohol 100 c.c., 
anilin oil OT c.c.) ; if differentiation is too slow, add 1 or 2 
drops of anilin oil to the made-up solution till the correct strength 
is ascertained. Differentiate till cytoplasm is pale pink, and 
nuclei red and clear. Examine from time to time, first trans- 
ferring slide to acid alcohol (96 per cent, alcohol, plus a few drops 
of acetic acid). Rinse in 96 per cent., plus a few drops glacial 
acetic. Transfer to 5 per cent, phosphotungstic acid until con- 
nective tissue is completely decolorised (about two hours). Rinse 
quickly in water and transfer to : — 

Anilin blue (water sol. Griibler, etc.) . 0*5 grm. 

Orange G . . . . . .2 grm. 

Acetic acid . . . . . 8 c.c. 

Distilled water ..... 100 c.c. 

Dilute with from one to two times its bulk distilled water. 

* Refer to glands, §§ 949-970. 

t The percentage may be lower with some specimens of azocarmin. 
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Stain one-lialf to three hours, examining from time to time 
under microscope. Wash in water, dehydrate in absolute alcohol, 
xylol,. balsam.,' • 

1061. Pasini^s Method. Fix in alcohol, formalin, sublimate 
Zenker, etc. Prepare sections and stain in Erhlich or Delafield 
to show nuclei, differentiatuig well. Place sections from water 
into 2 per cent, phosphotungstic acid for ten minutes. Wash 
quickly in aqua dest., and stain for from fifteen to twenty-minutes 
in the following mixture. Water-blue-orcein (Unna) 60 c.c., 

2 per cent. Eosin B.A. (Grubler) in 50 per cent, alcohol, 30 c.c., 
saturated aqueous solution of saurefuchsin 4 c.c., neutral glycerine 
15 c.c. 

(The Unna’s stain is made up as follows: (A) Wasserbiau 
1 grm. in 100 c.c. aqua dest., (B) orcein 1 grm, in 50 c.c. absolute 
alcohol, plus 5 c.c. acetic acid and 20 c.c. glycerine. Mix A 
and B.) 

After staining in the water-blue-orcein acid fuchsin mixture, 
^wash in distilled water slightly, dip into 70 per cent, alcohol, and 
differentiate in 90 per cent, alcohol. 

At this stage the original method recommends downgrading 
to 50 per cent, alcohol and dipping into 2 per cent, phospho- 
tungstic acid in water, and then upgrading to absolute, xylol 
and balsam. This stage may be omitted if it is found to extract 
the stain too much. Collagen fibres blue, protoplasm clear blue, 
keratohyalin red, keratin yellow red. This stain is excellent for 
demonstrating the structure of glands and genital organs. Unna’s 
stain may be used alone, staining for twelve hours. 

1062. P. Masson’s Iron Haematoxylin, Acid Fuchsin and Anilin 
Blue (Traite de Pathologie MMicale, Maloine, Paris, 1923). Pre- 
pare the following solutions : (A) Acid fuchsin, 1 grm., glacial 
acetic, 1 c.c,, distilled water, 200 c.c. (B) Phosphomolybdic acid, 
1 grm., distilled water, 100 c.c. (C) Anilin blue to saturation in 

3 per cent, acetic acid in water, 100 c.c. 

The anilin blue solution is prepared by boiling 100 c.c* of 
distilled water in a flask, adding 2 to 3 grm. of anilin blue, and 
then taking away the Bunsen. Two or three c.c. of acetic acid 
are added and the flask is plugged with cotton-wool and allowed 
to cool, and then the contents filtered. 

Sections are first stained in iron-alum h£ematoxylin. The 
subsequent operations will take out some of the stain and the 
correct degree of under differentiation of the haematoxylin must 
be ascertained experimentally. Rinse in water and transfer to 
solution A for five minutes ; rinse again and transfer to solution B 
for five minutes. Take out the slides and without rinsing drop on 
5 or 6 drops of solution C. Agitate the slide for a few moments 
till the blue mixes ; time irom two to five minutes to be ascer- 
tained experimentally. Rinse in aqua dest., place in 1 per cent. 
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acetic acid for five minutes to one haif-hour to wash off excess 
phosphoniolybdic. Transfer, slides to absolute alcohol with 1 per 
cent, acetic acid, thirty seconds — then pure absolute alcohol, 
and Canada] balsam to which some salicylic acid has been 
added. 

Results are chromatin black, cytoplasm and fibres red in 
various shades, collagen and mucus blue. 

1063, H. de Winiwarter Safranin — Gentian Violet and Orange 
Triple SidLm {ArcK de BioL, xxxiii, 1923). Fixation. Flemming’s 
fluid (twenty'-four hours), or some one of the heavier osmicated 
chrome fixatives. De Winiwarter uses Meves’ fluid (§ 50), and 
often adds urea according to E. Allen’s procedure (§ 116). Staining 
is carried out on sections mounted on slides. The safranin must 
be a good one, bright and actively staining, without which the 
whole process will fail. 

If the issue has not been fixed in osmic fixatives, or has soaked 
for a long time in alcohol, the faculty for taking the triple stain 
may be restored by treating the sections on the slide for twenty- 
four hours with strong Flemming. From 60 per cent, alcohol 
stain in a J per cent, to 1 per cent, solution in 50 per cent, alcohol 
for twenty-four hours. Wash in several changes of distilled 
water, and then place in 1 per cent, aqueous gentian violet for 
twenty-four hours. Wash in aqua dest. Stain in aqueous solution 
of orange G for from some seconds to one minute. The orange 
G solution should be from 1 in 500 to 1 in 1000 in aq. dest. strength, 
varying according to the object, embryonic material needing the 
stronger solution. Finally treat sections with acidulated alcohol 
for a few seconds : on the first cloud of violet appearing, transfer 
to absolute alcohol. Transfer to oil of cloves containing a little 
absolute alcohol. Control differentiation under microscope. Then 
treat with pure oil, drain off, finally wash with xylol and mount in 
balsam. 

1064. Held’s Molybdic Add Haematoxylin. To a l per cent, 
solution of haematoxylin in 70 per cent, alcohol, add sufficient 
molybdic acid to form a layer on the bottom of the bottle. Shake 
frequently. After fourteen days, there is noticeable alteration in 
colour to deep blue-black. Solutions from months to one or two 
years’ old stain best. Pour off the stain from the deposit, and 
just before use add some drops to some distilled water to make a 
semi-transparent solution. Stain at 5ff^ C. or in cold up to twelve 
hours or more. Examination of the sections will reveal whether 
the stain is sufficient. Wash in water, and upgrade. 

Alternatively, the sections may be mordanted in iron alum. 

Overstained sections may be differentiated in 5 per cent, iron 
alum. Such fixatives as ^nker are suitable for this stain, but 
it may be used with almost any material. It is particularly good 
for nerve tissues during development. 
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For areas of osteoblastic activity, see § 985, and cartilaginous 
skeletons, § 983. 

1065, Larger Yolked Mammalian Eggs (Platypus and Echidna). 
Owing to the presence of a large yolk mass, good sections are 
difficult to obtain. Even with double imbedding, the yolk will 
tear the sections, and the grains will spread through the balsam. 
Thompson Flynn and J. P. Hill {Trans, zooL Soc,, xxiv, 1939) 
give the following directions for the monotreme egg, which will 
have wide application among the large yolked eggs of reptiles, 
birds and amphibia. Fix in Smith’s bichromate formol acetic fluid 
according to directions (§ 119). Transfer from 5 per cent, formol and 
grade up to absolute alcohol and ether 1:1. Infiltrate in celloidin- 
cedarwood oil 6 : 1, beginning in 1 per cent., then 2 per cent., 
then 4 per cent, celloidin several days in each. Clear and harden 
in cedarwood oil + chloroform 2 : 1, changing fluid once. Transfer 
to benzol, then benzol-paraffin and imbed in paraffin using air- 
pump. In cutting sections, paint surface of block with gum- 
mastic-celloidin (§ 172), rubbing off excess with finger. Coat 
slides with albumen and float in water, or use Ruyter’s method, 
§ 202. When sections are dry, flood with 1 per cent, celloidin 
solution, drain quickly and place in toluol + 10 per cent, chloro- 
form until the parafi^ wax is dissolved. Down grade through 
higher alcohols with 10 per cent, chloroform added. Section 
cutting must be done by two workers, one person does the painting 
with gum mastic, the other does the cutting and manipulates the 
ribbon. A heavy rotary microtome is used* 

The problem in yolky eggs is that there is not enough space between 
the hardened yolk grains to allow a holding layer of wax or celloidin. 
This is got over by the mastic painting. However it is now apparent 
that terpineol imbedding in wax, plus painting and flooding with 
1 per cent, celloidin may do as well as the technique used by Flynn and 
HiU. 

AVES 

1066. Superficial Examination. Instructions on this head are 
given in Foster and Balfour’s Elements of Embryology, The 
following is of more recent publication. 

If it be desired to observe a living embryo by transmitted 
light, the egg should be opened under salt solution, as described 
below. A little of the white is then removed through the window, 
the egg is lifted out of the liquid, and a ring of gummed paper is 
placed on the yolk so as to surround the embryonic area. As 
soon as the paper adheres to the vitelline membrane, which will 
be in a few minutes, a circular incision is made in the blastoderm 
outside the paper ring. The egg is put back into the salt solution, 
and the paper ring removed, carrying with it the vitelline mem- 
brane and the blastoderm, which may then be brought into a 
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watcli-glass or on to a slide and examined under the microscope 
(Duval):. 

Gedach’s Window Method (Nature, 1886, p. 497). Remove with 
scissors the shell from the small end of the egg ; take out a little white 
by means of a pipette ; the blastoderm will become placed underneath 
the window just made, and the white that has been taken out may be 
replaced on it. Paint the margins of the window with gum mucilage, 
and build up on the gum a little circular wall of cotton-wool ; place on 
it a small watch-glass (or circular cover-glass), and ring it with gum. 
When the gum is dry the cover is further fixed in its place by means of 
collodion and amber varnish, and the egg is put back in its normal 
position in the incubator. The progress of the development may be 
followed up to the fifth day through the window. 

A description of further developments of this method, with figures of 
special apparatus, will be found in Aiiat. Anz., ii, 1887, pp. 583-609. 

1067. Preparation. During the first twenty-four hours of 
incubation, it is extremely difficult to separate the blastoderm 
from the yolk, and they should be fixed and hardened together. 
Andrews (Zeit wiss, MiL, xxi, 1904, p. 177) separates the 
blastoderm at this stage by injecting picro-sulphuric acid (not 
any rapidly acting fixative) firstly, between the blastoderm 
and the vitelline membrane, so as to separate the two above,, 
and then between the blastoderm and the yolk, so as to free the 
blastoderm below and float it up. This done, the membrane may 
be incised and the blastoderm removed. The injection is best 
done with a pipette having a fine point bent upwards. 

In later stages, when the embryo is conspicuous, the blastoderm 
can easily be separated from the yolk, which is very advantageous. 
To open the egg, lay it on its side and break the shell at the 
broad end by means of a sharp rap ; then carefully remove the 
shell bit by bit by breaking it away with forceps, working away 
from the broad end until the blastoderm is exposed. The egg 
should be opened in salt solution, then lifted up a little, so as to 
have the blastoderm above the surface of the liquid ; the blasto- 
derm is then treated with some fixing solution dropped on it from 
a pipette (1 per cent, solution of osmic acid, or Ranvier and 
VignaFs osmic acid and alcohol mixture, iodised serum, solution 
of Kleinenberg, 10 per cent, nitric acid, etc.). By keeping the 
upper end of the pipette closed, and the lower end in contact 
with the liquid on the blastoderm, the blastoderm may be kept 
well immersed for a few minutes, and should then be found to be 
sufficiently fixed to be excised. (Of course, if you prefer it, you 
can open the egg in a bath of any fixing liquid [10 per cent, nitric 
acid being convenient for this purpose] of such a depth as to cover 
the yolk ; and having exposed the blastoderm, leave it till fixed 
[fifteen to twenty minutes] ; but wc think the procedure above 
described will generally be found more convenient.) 

The egg is put back into the salt solution, and a circular incision 
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made round the embryonic area. The blastoderm may then be 
floated out and got into a watch-glass, in which it may be examined 
or may be brought into a hardening liquid. 

Before putting it into the hardening fluid, the portion of ritelline 
membrane that covers the blastoderm should be removed with 
forceps and shaking. 

Fixation in XO per cent, nitric acid has the advantage of greatly 
facilitating the separation of the blastoderm. The acid should be allowed 
to act for ten minutes, after which it is well to bring the preparation 
into 2 per cent, solution of alum (r/. Hofmann, ZeiL Mik,, x, 
1893, p. 485). Mitrophanow {Anat. Hefte, xii, 1899, p. 200) fixes 
with nitric acid of 3 per cent. ; Suschkin {Nouv. Mem. Sac. Nat. 
Moscow, xvi, 1899, p. 34) with sublimate; Fischel (Morph. Jahrb., 
xxiv, 1896, p. 371) with Rabl’s platino-sublimate, § 81 (embryos of 
the duck) ; Patterson (Biol. Bull. Wood^s Hole, xiii, 1907, p. 252) 
with picro-sulphuric acid containing 8 per cent, of acetic acid, for an 
hour (ova of Columbu) ; Hosmm (Kansas Univ. Sci. Bull., iv, 1907, 
p. 176), after removing shell, for five to fifteen minutes in a mixture of 
3 parts of 10 per cent, formol with 1 of 10 per cent, nitric acid, and 
then excises the embryo. -v 

In order to counteract the turning up of the edges of the blasto- 
derm that generally happens during the process of hardening, it 
is well to get the blastoderm spread out on the convex surface of a 
watch-glass, and leave it so during “the hardening. 

For hardening Hennequy prefers the osmic acid and alcohol 
mixture of Ranvier and Vignal, or Flenoming’s mixture followed 
by successive alcohols. 

Stain and imbed by the usual methods. 

Up to about the fiftieth hour embryos may be mounted entire 
in glycerine or balsam. 

1068. M. Duval’s Orientation Method (Ann. Sc. N'at, 1884, 
p. 3). In the early stages of the development of the ova of Aves, 
before the appearance of the primitive streak, it is difficult to 
obtain a correct orientation of the hardened cieatricula, so as to 
be able to make sections in any desired direction. Duval, 
starting from the fact that during incubation the embryo is almost 
always found to be lying on the yolk in such a position that the 
big end of the egg is to the left and the little end to the right of 
it, marks the position of the blastoderm in the following way. 

With a strip of paper 5 mm. wide and 50 mm. long you construct 
a sort of triangular bottomless box. You lay this on the yolk, enclosing 
the cieatricula in such a position that the base of the triangle cor- 
responds to what will be the anterior region of the embryo, and its 
apex to the posterior region | that is to say, if the big end of the egg 
is to your left, the apex of the triangle will point towards you. You 
now, by means of a pipette, fill the paper triangle with 0*3 per cent, 
solution of osmic acid. As soon as the preparation begins to darken 
you put the whole egg into weak chromic acid, remove the white, and 
put the rest into clean chromic acid solution ifor several days. After 
hardening you will find on the surface of the yolk a black triangular 
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area, which encloses the cicatricula and marks Its position ; you cut 
out this area with scissors and a scalpel, and complete the hardening 
witfi chromic acid and alcohoL 

1069. Ejonka’s Orientation Method 1 Abtli., iii, 

1894, p. 414). Open the egg under salt solution, free it from 
the shell and albumen, and mark the poles by sticking into it, 
at about a centimetre from the blastoderm, two hedgehog spines, 
the one at the obtuse end being marked with a red thread. Put 
the whole for ten minutes into water at 90*^ C., then bring into 
70 per cent, alcohol, and after twenty-four hours cut out the 
blastoderm and a little yolk round it in the shape of an isosceles 
triangle, whose base marks the anterior end of the blastoderm. 
Paraffin sections stained with borax-carmine, washed out with 
acid alcohol containing 1 drop of concentration solution of Orange 
G for each 5 c.c., which stains the yolk. 

1070. Chick and Reptile Blastoderms. Gekhabdt {AnaL Anz., 
xx) uses : — 

Chromic acid 1 per cent. . . .150 c.c. 

Sat. corr. subL ..... 150 „ 

Aqua dest. 135 ,, 

Acetic acid . . . . . 15 ,, 

Formalin . . . . . . 150 „ 

Leave in twenty-four hours. Wash twenty-four hours in running 
water, upgrade from 70 per cent, alcohol, 90 per cent, with iodine, 
pure 90 per cent., etc. Recommended by Prof. J. P. Hill. 

E. V. CowDRY (op. ciU) recommends formol-nitric 3 parts of 10 per 
cent, formalin and 1 part of 10 per cent. HNO 3 for chick embryos. 
Bouin is now the usual fixative, but must not be used for so long as 
overnight. ^ 


REPTILIA 

1071. General Directions. The methods described above for birds 
are applicable to reptiles. During the early stages the blastoderm 
should be hardened in situ on the yolk ; later the embryo can be isolated, 
and treated separately. 

Bohm and Ofpel (Tascher^tcch, 1900, p. 186) remove the shell 
under salt solution, fix in sublimate with 20 per cent, acetic acid, or 
in Lo Bianco'S chromo-sublimate (§ 78), then remove the blastoderm 
and bring it into alcohol. 

1072. Special Cases. Mitsukitbi (Joum, Coll. Sc. Japan, vi, 1894, 
p. 229) fixes embryos of tortoises chiefiy with picro-sulphuric acid. 
To study the blastoderm he removes the whole of the shell and as 
much as possible of the albumen, marks the place where the blastoderm 
lies with a hair, brings the whole, with the blastoderm uppermost, 
into the fixative, and after a few hours cuts out the blastoderm and 
further hardens it by itself. Young embryos generally adhere to the 
shell and can, therefore, be fixed in a piece of it made to serve as a 
watch-glass, then after half an hour can be removed from it and further 
hardened alone. If the embryonal membranes have been formed, 
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the shell may be scraped away at some spot and there treated with 
picro-sulphuric acid until a small hole is formed ; then by working 
away from this spot, by means of scraping and dropping acid on to it, 
the whole of the shell may be removed. 

AMPHIBIA 

1073. Preliminary. In order to prepare ova for section-cutting, 
it is essential to begin by removing their thick coats of albumen. 
This may be done by putting them for two or three days into 
1 per cent, solution of chromic acid, and shaking well ; but ova 
thus treated are very brittle, and do not afford good sections. 

A better method is that described by Whitman {Amer. Natural., 
xxii, 1888, p. 857), and by Blochmann {ZooL Anz., 1889, p. 269), 
Whitman puts the fixed eggs into a 10 per cent, solution of 
sodium hypochlorite diluted with 5 to 6 volumes of water, and 
leaves them there till they can be shaken free, which happens 
(for Necturus) in a few minutes. Blochmann takes eau de Javelle 
(potassium hypochlorite), and dilutes it with 8 to 4 volumes of 
water, and agitates the eggs, previously fixed with solution of 
Flemming, for fifteen to thirty minutes in it. 

Lebrun {La Cellule, xix, 1902, p. 316) advises fixing ova of 
Anura for not less than one and a half hours in liquid of Gilson, 

§ 75. The outer envelopes are then hard, and may be easily 
incised and the ovum extracted by pressing on the pole opposite 
to the incision. The operation should not be delayed until after 
hardening in alcohol. Similarly {ibid., xix, 1902, p. 12) for 
Urodela. 

For amphibian eggs, V. H. Gregg {Stain Tech., xviii, 1943) 
removes yolk by shaking a few eggs in a test tube .after fixation in 
saturated aqueous chloride 90 c.c., formaldehyde 8 c.c., glacial acetic 
acid 2 c.c. Any remaining jelly is removed by 1 per cent. NaOCl 
solution. Then wash in six changes of water to remove hypo- 
chlorite. Upgrade from 35 per cent, alcohol (iodine used in the 
70 per cent, strength). One hour each in 80 per cent., 95 per cent. ; 
absolute alcohol two changes one hour each, xylol half an hour. 
This schedule could probably be improved by terpineol or cedar 
wood clearing. 

Refer also to § .156 for Drury’s amyl acetate methods for amphi- 
bian embryos, and W. 0. Puckett on dioxan, § 131. 

1074. Imbedding, See § 1040 above, read sections on imbedding. 
The best method is of course celloidin and wax. Ester wax has 
been tried with success by Steedman, § 182. 

PISCES 

1075. Teleostea in General. The ova of many of the bony ^ 
fishes can be studied by transmitted light in the living state ; 
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but those of the Salmonidae must be hardened and removed 
from their envelopes for the study of the external forms of the 
embryo. 

To this end they may be put for a few minutes into water 
containing 1 to 2 per cent, of acetic acid, and thence into 1 per 
cent, chromic acid. After three days the capsule of the ovum 
may he opened at the side opposite to the embiyo, and be removed 
with fine forceps. The ovum is put for twenty-four hours into 
distilled water, and then into successive alcohols. Embryos thus 
prepared showed no deformation, but the vitellus rapidly becomes 
excessively hard and brittle, so as greatly to interfere wdth section- 
cutting. 

The following processes give good results as regards section- 
cutting. 

Put the ova for a few minutes into 1 per cent, osmic acid ; 
as soon as they have taken on a light brown colour bring them 
into Miillcr’s solution. Open them therein with fine scissors — 
the vitellus, which immediately coagulates on contact with air, 
dissolves, on the contrary, in Muller’s solution — and the germ 
and cortical layer can be extracted from the capsule of the ovum. 
They should be left in clean Muller’s solution for a few days, 
then washed with water for twenty-four hours, and brought 
through successive alcohols. 

Another method (Henneguy) is as follows : The ova are fixed in 
solution of Kleinenberg containing 10 per cent, of acetic acid. After 
ten minutes they are. opened in water containing 10 per cent, of acetic 
acid, which dissolves the vitellus. The embryos are put for a few 
hours into pure solution of Kleinenberg, and are then brought through 
alcohol of gradually increasing strength. 

Child (quoted from Sumner, Mem. New York Acad. Sci., ii, 1900, 
p. 78) fixes for about a minute in sublimate with 10 per cent, of acetic 
acid, and brings into formalin of 10 per cent., which is said to give a 
good fixation of the embryo without the yolk becoming hard. 

Kollmann’s Fixative, § 60. This is an excellent bichromate 
nitric acid fixative for teleost embryos. 

1076, Salmonidae. Henneguy’s methods have been given 
above. 

Kopsch {Arch. mik. Anal., li, 1897, p. 184), on the suggestion 
of Virchow, fixes embryos for five or ten minutes in a mixture 
of 1 part of chromic acid to 50 of glacial acetic acid and 450 of 
water, then removes into chromic acid of 1 : 500, and as soon 
as may be removes the capsule and yolk tmder salt solution and 
completes the hardening in the chromic acid or the saturated 
sublimate solution. 

Similarly, Behrens {Anal Hefte, x, 1898 , p. 233 ). He opens 
the ova in the salt solution from the antipolar side, and frees the 
embryo from the yolk that remains by blowing the latter away 
with a fine-pointed glass tube. 
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■ Gudgeb (Pfoc. U. S, Nation, Mus,, xxix, 1906, ■ p. 448) fixes 
blastoderms in fresh liquid of Perdnyi, which does not make the 
yolk too hard ; later stages in Woecesteb’s liquid (9 parts of 
saturated solution of sublimate in formol of 10 per cent, and 
1 part of acetic acid), for half an hour to an hour, and brings 
gradually into alcohol of 70 per cent. > 

Bouin (C. P. Soc. Biol*, Iv, 1903, p. 1691) fixes for thirty- six to 
forty-eight hours in picro-formol. This is now said to be too 
long. : 

1077. Selachia. B’eabS} {AnaL An%*, xviii, 1900, p. 556) has 
found that the best fixatives for OTibryos of Raja 
picro-platinic mixture, § 82, and sublimate. 

Living can be observed by scraping the shell thin 

with a knife (Kastschenko, Anz*, in, 1888, p. 445, and 

Mis, Arck. Anat Fhys., Anat Abtk*, 1S97, p. 8), See also Beaus, 
Morph. Jahrb*, XXXV, 1906, 1^,250* 

1078. Amphioxus. Sobotta (Arch. mik. Anat., \. 1897, p. 20) 
fixes for twenty-four hours in liquid of Flemming ; Hatschek 
(Arh. Zool. Inst. iv, 1881) in picro-sulphuric acid. Impregna- 
tion takes place in the evening, and segmentation is completed 
during the night. 

Legeos (Grundzuge, Lee and Mayee, 1910, p. 288) fixes ova 
and embryos in equal parts of formol and Flemming. Sublimate 
is not good ; RabFs mixtures are better. Larvae and young 
animals ought first to be anassthetised with cocaine in sea- water. 
After fixation they should remain only for as short a ti 
possible in alcohol. 

Ceefontaine (Arch. Biol, xxii, 1906, p. 287) fixes with 
Flemming or Hermann. For study of ova in toto he orients them 
on a slide in clove-oil collodion which he sets with chloroform, 
and adds balsam. For sectioning, he orients in the same way on 
a layer of paraffin spread on a cover-glass and imbeds the whole 
in paraffin. 

Goodrich used with success for Amphioxus adults, etc., equal 
parts of picro-nitric and Bouin’s fluid. Bouin alone appears to 
shrink Amphioxus. 

1079. Embryology of Invertebrata (see also §§ 886 et seq). 
Fixatives containing osmic acid are always indicated. If the eggs 
or embryos are easily penetrable by ordinary fixatives the chrome- 
osmium and chrome-formalin are indicated. If not easily pene- 
trable one must try Carnoy, Duboscq-Brasil, picro-nitric, Petrun- 
kevitch, Perenyi, etc. If a better fixation is desired the eggs 
must be pricked so as to admit a fixative like chrome-osmium. 
The eggs may be frozen or imbedded in gelatine and cut in thick 
sections so that many of the eggs are nicked. The eggs are then 
put in fixative which consequently penetrates. 

1080. Hot Water Fixation. This has been much used in the 
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past. The eggs are either put' into water already heated just 
above heat rigor, or the temperature is slowly raised after the 
eggs have been put in the water. After fixation the eggs are 
put into 70 per cent, alcohol, but they may need to be pricked 
with a very sharp hard glass needle. Tire use of boiling or hot 
fixatives such as sublimate or Bouin often produces much the 
same result as hot water, as these fixatives may not penetrate 
even when hot. The careful worker will definitely find that 
pricking or breaking parts of the chorion or egg . membrane so as 
to admit the fixative is the best that can be done at present if a 
good fixation is desired. 

It should be noted that fixatives like Carnoy, Petrunkevitch, Bouin, 
Duboscq-Brasil, may show cell outlines, etc., better than Chrome- 
Osmium, which causes less shrinkage and leaves cell layers less clear. 
The old Altmann method often gives excellent preparations of inverte- 
brate embryos. 

Eau de Javelle (Potassium hypochlorite) and eau de Labarraque 
(Sodium hypoeWorite) have been much used in the past (see §§ 554, 555). 
The solution is diluted several times, 1 :4 of water is usual, and the 
eggs, etc., are soaked till the chitin softens. The fixative then pene- 
trates more easily. 

1081. Clearing and Imbedding, Refer to §§ 134 ef seq. The 
remarkable method of J. A. Murray, § 178, should be tried on 
highly chitinised eggs. Terpineol and dioxan are indicated for a 
trial. Double imbedding in paraffin wax and celloidin is a great 
help (§ 200). 

Staining, Iron alum hsematoxylin and orange G arc always 
useful. Whole invertebrate eggs and embryo stain well in Mayer’s 
acid hsemalum or paracarmine. The chorion or membrane 
should, if possible, be stripped before staining. 


CHAPTER XXXIX 

NERVOUS SYSTEM— GENERAL METHODS* 

1082. Introduction. The methods for the microscopical investi- 
gation of the nervous systems can be subdivided into two groups 
which are spoken of as the cytological and anatomical methods 
respectively. Those belonging to, the first group are chiefly 
meant for the study of the intimate structure of nerve-cells, 
nerve-fibres and their supporting tissues ; those forming the second 
group are more particularly suitable for investigating the mor- 
phology of nerve-cells and their connections with one another and 
with the nerve-fibres, as well as the architectural arrangement of 
both nerve-cells and nerve-fibres in the various regions of the 
central nervous system. This subdivision has mainly a descriptive 
-purpose, because methods which were originally proposed for the 
study of the nerve-cell structure were afterwards found useful 
for investigating the distribution of nerve-cells in the grey sub- 
stance, while on the other hand slight modifications of anatomical 
methods have led to the discovery of important cytological details. 

The methods for the study of the nerve-tissue in peripheral 
organs having been described in the chapters on “ Methylene 
Blue,” “ Impregnation Methods,” Tegumentary Organs ” and 
“ Muscle and Tendon,” the following chapters are meant chiefly for 
the description of methods for the investigation of the central 
nervous system. 

Further information as to methods used in the study of the nervous 
system will be found in the following works : I. Bertrand, “ Techniques 
histologiques de neuropathologie,” Paris, 1930 ; S. Ramon y Cajal 
y P. de Castro, “ Elementos de tecnica micrografica del sistema ner- 
viosa,” Madrid, 1933 ; D. S. Russell, “ Histological Technique for 
Intracranial Tumours,” 0,U.P. 1939 ; P. del Rio Hortega, “ The 
Silver Carbonate Method,” in Archives de Histologia normal y pato- 
logiea, 1942-45 ; A. Weil, “ Textbook of Neuropathology,” London, 
1946. S. Ramdn y Cajal in his ‘^Recollections of my Life,” Part II, 
(American Philosophical Society, 1937) gives a fascinating account 
of the growth of knowledge of the minute structure of the nervous 
system resulting from the development of staining methods. 

FIXATION 

1083. Fixation by Injection. Fixation, in the proper sense of the 
word, is of course out of the question for human material. But 
in the case of animals it is possible to inject fixing fluids into 
their nervous centres when still in an almost living state. The 

* Revised by J. G, G. and P. M. D. 
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practice ensures a very rapid penetration into and even distribution 
witliin the tissues of the fixing agents, and has the capital advan- 
tage of greatly helping to prevent distortion of the nerve- tissues 
during their subsequent treatment. As in most instances the 
practice does not meet with special difficulties, it should be 
adopted as far as possible also in the case of man, but particularly 
for a preliminary fixation and hardening of the very soft cerebral 
mass of young individuals, which is particularly liable to injury 
and distortion in the process of removing it from the brain case. 

The choice of the fluid to be injected depends upon the object 
in view and the subsequent treatment to which the tissues are 
to be submitted. In the case of animals it is a good practice to 
warm the fixing fluid to body-temperature before injecting it, 
and, whenever possible, to wash out the blood by first injecting 
physiological solution as suggested by Mann. The injection can 
be carried out through the carotids if the fixation is to be limited 
to the encephalon, and through the aorta if it is desired to fix the 
spinal cord too. The above applies to higher vertebrates and 
particularly to mammals ; in* the case of lower vertebrates, 
fixation by injection has not, as a rule, the same importance, and 
one must have recourse to special methods. 

See on this subject Golgi, op, cit, § 1136 ; Gerota, § 1G88 ; De 
Qxjervain, VirchotiD's Arch., cxxxiii, 1893, p. 515 ; Mann, Ztschr. wiss. 
Mikr., xi, 1894, p. 482 ; Strong, Anat Am., xi, 1896, p. 655 ; Journ. 
Comp. Neurol, xiii, 1903, p. 291 ; McFarlanb, Journ. App. Mic*, ii, 
1899, p. 541 ; or Ztschr. wiss. Mikr., xvii, 1900, pp. 39, 40. 

1084. Hardening by Freezing. This phrase has often, given rise 
to confusion and should, therefore, be clearly understood. One 
can harden by freezing either fresh tissues, or material already 
fixed and consequently also a little hardened. In the first instance 
small pieces of fresh tissue, immediately after removal and with- 
out any previous treatment, are hardened on a freezing microtome. 
The sections are generally floated on to water, and immediately 
afterwards treated for a minute on the slide with a 0*25 per cent, 
solution of osmic acid ; or otherwise treated according to the 
Object of one’s investigation. Chilling the knife after the method 
of Schutz-Brauns ( Virchow^s Arch., 1929, cclxxiii, p. 1) is particu- 
larly useful. Since Brodmann {Journ. Psychol, u. Neurol,, ii, 
1903-04, p. 211) has shown that formalin material can be used 
even for investigations by polarised light, section of unfixed tissue 
is rarely needed. (See also p. 120.) 

The hardening by freezing of already fixed material should not 
be attended by any difficulty. Nervous tissue well fixed in for- 
malin is very suitable for frozen sectioning. Care must be taken 
tliat the material is not too hard when cut. For a description of 
the freezing technique refer to Chapter XI. 

The hardening and section cutting by the freezing method of 


very large pieces require special apparatus and special methods, 
for which see Nageotte, C. E. Soc, BioL,, Ixvii, 1909, p. 542. 
The large freezing box made for Reichert’s sledge microtome is 
very suitable for this purpose. 

1085. Hardening by Reagents. If the brain and spinal cord 
have not been fixed m situ, care must be taken that they are not 
damaged during removal, and that fixation is as rapid and 
thorough as possible having regard to any need there may be for 
anatomical study. For the latter purpose formol-saline is the 
fixative of choice and when used properly it penetrates well and 
fixes fairly rapidly. To fix the whole human brain it is recom- 
mended that 4 to 5 litres of 15 to 20 per cent, formalin hi 1 to 2 
per cent, saline should be used. It is safer to use most makes 
of commerbial formalin in 20 per cent, strength except for very 
young infants, and enough salt should be added to make a solution 
in which the brain will almost float (about 1*5 per cent). After 
incisions are made in the floor of the third ventricle and through 
the corpus callosum to allow the cerebro-sphial fluid to drain 
away, the brain is suspended in this fixative by a string passed 
between the basilar artery and the pons, or tied to the basilar 
artery. In the case of the human spinal cord, the dura mater 
should be slit in a longitudinal direction along both the ventral 
and dorsal surfaces, and then cut transversely in two or three 
places to prevent the cord being kinked by the longitudinal 
shrinkage of the dura mater which occurs during fixation. If 
this is done no special steps need be taken to keep the cord straight. 
Cutting the spinal cord across before fixation should be avoided 
as far as possible. 

While fixation in formol-saline may be followed by most histo- 
logical techniques, there may be reasons, such as the ensuring of 
perfect fixation of a special area or mordanting of the tissue 
during fixation, which demand the use of special fixatives. With 
the exception of Hortega’s formol-ammonium-bromide solution, 
these are only applicable to fairly thin pieces of nervous tissue. 
In using such fixatives care must be taken (1) that the block of 
tissue is not deformed or bent by pressure on the sides of the 
container and (2) that the fixative surrounds the tissue on all 
sides. To ensure this (1) the container must be wide-mouthed 
and large enough to leave plenty of room round the tissue and 
(2) the bottom of the container should be covered with a layer of 
gauze or cotton wool or several thicknesses of filter paper. 

In the case, of laboratory animals fixation in situ by intra- 
vascular injection is always the method of choice. When this is 
impracticable in the smaller animals, the skull and spinal canal 
may be opened so as to expose the brain and spinal cord as fully 
as possible, the dura mater opened widely, and the skull and 
spine fixed with the nervous tissues in situ. This method is not 


advisable for animals with large brains such as the cat, dog and 
monkey. In the smaller laboratory ajtiimals the dura mater is 
often so closely applied to the brain and spinal cord that it may be 
difficult to open it up without damaging the nervous tissues. In 
such animals it is fortunately also very thin and does not bar the 
penetration of fixatives to any great degree, so that it may be 
advisable to leave it intact. 

The action of most hardening fluids is greatly enhanced by heat. ' 
But in the judgment of most histologists this rapid hardening 
is not, as a rule, attended by good results, and one should have 
recourse to it only for particular reasons and special purposes 
after a tentative experiment at establishing the degree of tempera- 
ture at which the desired results may be obtained without injuring 
the delicate structure of the nerve-tissue. 

Fixation of large blocks of tissue or the brains of large animals 
by slowly acting fixatives such as Muller’s fluid is rarely attempted 
at the present time, as for most purposes preliminary fixation in 
formalin is permissible. For the original Marchi method, however, 
formalin should be avoided. If it is desired to examine a large 
brain by this method it should be kept in Muller’s fluid in a cool 
place, incisions to allow better penetration of the fixative should 
be made as far as is permissible, and the fluid should be frequently 
changed. 

The volume of fluid should always be very large in proportion 
to that of the pieces of tissue and to their number. 

1086. The Reagents to be Employed. As in the case of the 
fixation by injection one should bear in mind that the preservation 
of tissues for neuro-histological investigations greatly depends 
upon the purpose in view. Fixing and hardening fluids which 
are excellent for cytological investigations are very often unsuit- 
able for anatomical methods. (See § 1082.) On the other hand, 
material collected and prepared for cyto-architectural or flbro- 
architectural studies can hardly be used to elucidate questions 
regarding the intimate structure of nerve-cells or nerve-fibres. 
Alcohol, formalin,* formol-ammonium-bromide (F. A. B. Cajal), 
and chromic salts are most frequently used because they are 
generally ready at hand and because they are useful for 
carrying out afterwards either a great number of methods or 
certain methods, under constant conditions of hardening and 
staining. 

1087. Alcohol. It is generally employed in the strength of 
94 to 96 per cent., penetrates well and hardens quickly ; but 

* As is well known, commercial formalin is a 40 per cent, solution of 
formaldehyde ; when in this and the following chapters on the nervous 
system a 5, 10 or 20 per cent, solution of formalin is mentioned, it is intended 
to mean 5, 10 or 20 parts of commercial formol, and 95, 90 or 80 parts of 
water, respectively, while, a 20 per cent, solution of formaldehyde is the 
commercial formalin diluted with half its volume of water. 
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as it rapidly absorbs water from the tissues the latter shrink 
considerably, while the alcohol loses its fixing and hardening 
properties through hydration. It has consequently to be changed 
soon and used in quantities exceptionally large in proportion to 
the size of the pieces, which ought to be neither too small nor too 
large. For this reason one seldom hardens in alcohol voluminous 
organs, and its use has become on the whole very restricted. 
Alcohol, however, remains the principal fixing and hardening 
reagent for cytological investigations by NissFs method (see 
§ 1098), and for carrying out some of Ramon y Cajal’s reduced 
silver processes, its shrinking influence being counteracted by 
having recourse for the first fixation to weaker dilutions of alcohol 
(60 to 70 per cent.) to be raised gradually up to 95 or 96 per cent, 
within the first nine to twelve hours, and to be changed once or 
twice or more often in the next few days. 

1088. Formalin. Since the time when it was introduced into 
histological technique by F. Blum {Ztsekr. wiss» Mikr.y x, 1893, 
p. 314) ; J. Blum {Zool, Anz,, xvi, 1893, p. 450) ; Hermann 
{Anat, Anz., ix, 1893-94, p. 112) ; Hover, jun. (AnaL Anz,, Verf. 
AnaL Ses,, ix, 1894, p. 236) ; Lachi (Monit ZooL ItaL, v, 1895, 
p. 15) and many others, its use has been steadily increasing 
because of the many advantages it offers. As a matter of fact 
it penetrates more quickly than solutions of chromic salts, and 
even than alcohol ; it is not likely to over-harden and it allows of 
the most various after-treatments and methods of staining. 

Several writers have insisted that for nervous tissue it should 
not be acid, but some prefer it acid. See “ Retina.” For neuro- 
fibrils it should be preferably neutral. To neutralise it, it is 
generally sufficient to prepare its solutions with tap water, but 
one may shake it with some calcium or magnesium carbonate. 
Some authors prefer to neutralise it with ammonia.' (See also 
§ 112 .) 

The strength of the formalin solutions generally used for fixing 
and hardening nerve-tissues varies considerably with the quality 
of the material in hand, but particularly with the age of the 
subjects. As a rule the more delicate the material and the 
younger the subject, the weaker should be the formalin solutions 
to be employed at first. Generally one starts with a 3 or 5 per 
cent, solution in the case of very soft tissues, gradually increasing 
the strength up to 10 or 12 per cent. An adult human encephalon 
can be very well preserved in a 15 or 20 per cent, solution with a 
change of the fluid during the first days of fixation and hardening. 

If 800 to 900 c.c. of formalin are used with 4 litres of 1*5 per 
cent, saline for the original fixing bath, it is unnecessary to change 
the fluid during the first week. See also § 1085. For anatomical 
work and for almost all histological purposes 15 or 20 parts of 
formalin with 80 to 85 parts of 1 to 2 per cent, sodium chloride 
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form an excellent initial fixative. In spite of NissFs own opinion, 
good staining of Nissl bodies can be obtained in human material 
after a few weeks’ fixation by formol-saline, especial!}^ if the 
formalin solution is kept neutral. In older material, w^ashing the 
tissues in weak ammonia water before imbedding greatly improves 
the staining, 

Stevenson has elaborated a method by which the bulk and 
weight of the brain is kept constant {Arch. Neur. and Psych., vi, 
1923, p. 763). It is found, however, that any change in the brain 
weight after formol-saline fixation is of minor significance. 

Formalin can be associated with, or followed by, alcohol (§ 112) 
or other reagents. See Fish (Trans. Amer. Micr. Soc., xvii, 1895). 

Jore’s fluid (see 8th edition) forms an excellent initial fixative. 

Pahker and Floyd (Anat. Anz., xi, 1896, p. 156) advise for 
sheep’s brains a mixture of 6 volumes of 95 per cent, alcohol and 
4 volumes of 2 per cent, formol. Brains may be kept in the 
mixture for months. 

Gerota (Int. Monatschr. Anat., xiii, 1896, p. 124) treats foetal 
brains by first injecting the ^vascular system with a 10 to 15 per 
cent, solution of formol in 85 per cent, alcohol, and then bringing 
the heads into 5 to 10 per cent, formalin ; after one or two days 
he removes the brains from the skull and puts them back for 
fifteen to twenty days into the formol. 

ILvdyi (Neurol. Centrhl., xx, 1901, p. 687) takes 5 parts of 
formol, 100 of water, and 2 of bicarbonate of soda, for four to 
ten days. 

Herdlicka (Proc. U. S. Nat Mus., xxx, 1906, p. 304) takes 
3 parts of formol, 25 to 45 of water, and 72 to 52 of 95 per cent, 
alcohol. 

Landau (Ztschr. miss. Mikr., xl, 1923, p. 22) recommends 
fixing large pieces, or even whole brains, in a mixture of 90 parts 
of 1 per cent, picric acid and 10 of formalin. The picric acid 
is removed afterwards by adding some lithium iodide to the 
alcohols of ascending strength used for dehydration. 

Cajal and Hortega fix tissues, which it is intended to stain for 
neuroglia and microglia by metallic impregnation, in formalin 
15 C.C., ammonium bromide 1*5 to 2 grm., distilled water to 100 c.c. 
(F. A. B.). 

The methods for removing the deposits which sometimes become 
formed in tissues preserved in formalin are described in § 112. 

1089. Other Reagents. Small pieces can be fixed in ZenkePs 
fluid or in Zenkerflormalin (Helly, Maximow) as described in 
§ 79. The pieces are best imbedded in paraffin. The sections 
can be stained by Mallory’s eosimmethylene blue method (§ 336). 
Mann’s methyl blue and eosin method (§ 350), Mallory’s phos- 
photungstic acid-hsematoxylin method for neuroglia and other 
methods. 
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Bouin's fluid 116) can also be usefully employed for rela- 
tively small pieces, which can be imbedded either in celloidin 
or paraffin, the picric acid being extracted during dehydration 
by means of potassium or lithium iodide added to the weaker 
alcohols. Or after removal of the picric acid they are stained 
in bulk with hsematoxyiin and eosin as advised by Da Fano 
{vide^ 1097 and Jowm. Physiol,^ lx, 1925,. p. 1) chiefly for spinal 
and sympathetic ganglia and the central nervous system of* 
small animals. Especially beautiful differential staining with 
van Gieson’s mixture can be obtained either after primary fixation 
or after-hardening in Bouin’s fluid. Paraffin sections of the 
nervous system, fixed in this way, may be stained for neuroglia 
by Victoria Blue (Anderson’s modification, q.v.). It is unnecessary 
to remove the picric acid from the block completely before cutting 
it. It may be removed from the section by treatment with warm 
distilled water or by a prolonged wash in alcohol. 

Osmic acid can be employed alone only for very small pieces, 
but it is useful for special purposes ; its penetrating power can 
be enhanced by keeping the vessels at temperatures varying 
between 20° and 40° C. (see further on this subject, § 42). 

Chromic acid is rarely used alone. Its action is rapid, but uneven, 
and causes shrinkage and |3rittleness. A very little {e.g. 3 to 5 drops of 
a 1 per cent, solution to every 100 c.c. of fluid), added to bichromate 
solutions will do no harm and quicken the hardening. 

For other methods see Chapter IV. 

Mann {Ztschr. wiss. Mikr,, xi, 1894, p. 480) recommends for cell 
studies the following fluids : 

(1) Heidenhain’s saturated solution of corrosive sublimate in physio- 
logical salt solution ; (2) saturated watery solution of corrosive sub- 
limate with 1 drop of nitric acid to every cubic centimetre of the 
sublimate solution ; (3) Heidenhain's sublimate solution with 1 grm. 
of picric acid and 1 of tannin ; (4) equal parts of 1 per cent, osmic acid 
and Heidenhain’s sublimate solution. 

Mann (op, cit.) for cell studies, puts small pieces for twenty-four hours 
into a solution of 5 parts of potassium iodide and 25 of iodine in 100 
parts of water, and then into 70 per cent, alcohol. 


IMBEDDING AND SECTION CUTTING 

1090. Imbedding is by no means always necessary, and is objected 
to in some cases. Indeed, sections can be made from any part 
of the central nervous system without it, if the tissues are well 
hardened. Material hardened in alcohol, or in chromic solutions, 
or treated according to Golgi’s methods, may be glued on to a 
piece of wood or hard cork (or still better to a glass cube) by 
means of a rather thick solution of gum arabic or of celloidin. 
As soon as it begins to stick to the support the whole is put into 
70 or 80 per cent, alcohol to harden the gum or the celloidin, 
and then fixed in the object-holder of the microtome and cut. 






502 NEBVOUS SY8TEM--GENEEAL METHODS 


Or one ean simply make a clean cut at the bottom of the specimen, 
dry it with blotting paper and stick it on the support with sealing- 
wax or paraffin of high melting point. For section cutting the 
knife should be wetted with alcohol or water ; if the latter is 
used, some soap may be added to it to prevent it from running 
into drops on the knife. 

For many of the silver staining methods, so valuable in the 
study of the nervous system, frozen sections of unimbedded 
material, fixed in formalin or F. A. B., are used (see § 1085). 
For soft or unusually friable tissues gelatine imbedding is of great 
value (see § 204), though it must be remembered that sections 
imbedded in gelatine cannot be stained by the Bielschowsky 
methods, whilst staining admirably by CajaFs and Hortega’s 
methods. 

Paraffin imbedding (see § 125 et ^eg.), whilst in some ways not 
so satisfactory as imbedding in celloidin for the study of the 
nervous system, is widely used and for some purposes, e.g, for the 
study of cerebral tumours, is unquestionably superior to celloidin. 

Imbedding in celloidin (see § 185 et seq.) is the method of choice 
for the bulk of investigations of the central nervous system. 

If, notwithstanding every precaution, the celloidin has not 
thoroughly penetrated the tissues, good sections may still be 
obtained by Duval’s method of collodionising the sections. 
The cut surface of the block is dried by blowing on it, and is 
covered with a thin layer of collodion laid on it with a brush. 
As soon as this layer has somewhat dried, which happens very 
rapidly, a section is cut, and the cut surface collodionised as 
before, and so on for each section. 

The above applies to section cutting of small, medium-sized 
and even relatively large pieces. Also unusually large pieces, 
entire human hemispheres, and brains of high vertebrates can 
be cut into relatively thin and, if necessary, serial sections after 
imbedding either in celloidin or paraffin or by mixed methods. 
The processes used for the purpose do not differ essentially from 
those above-mentioned and fully described in Chapters V and 
VII, but (particularly for cyto-architectural and fibre-archi- 
tectural studies) special apparatus and installations are needed, 
the description of which is outside the province of this book. 

For references see last edition. 

1091. Numbering in Series Sections from CeUoidin Blocks. 
Besides the methods described in §§.194 et seq,, the following one 
by Da Fako {Ptoc, Physiol, Soc,, Jfowrn, PhysioL, lx, 1925, p. 18) 
has been found extremely useful whenever the sections can be 
mounted without dissolving the celloidin. Pieces of any desirable 
size are imbedded in celloidin by means of paper boxes or any 
similar device which may allow one to arrange them according 
to the way in which the series will have, afterwards, to progress. 
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At the same time care should be taken that the pieces are sur- 
rounded by an amount of celioidin sufficient for subsequently 
writing a progressive number on the sections. The celioidin 
blocks are stuck to appropriate supports, and these are fixed on 
the microtome as usual. As each section is cut it is spread flat 
on the knife and the free celioidin at one corner dried with 
blotting paper. Without any loss of time a number is written 
on this corner by means of a small good brush and a mixture of 
10 c.c. of Indian ink and 3 c.c. of equal parts of anhydrous ether 
and acetone. The figures dry up instantaneously and become 
almost engraved in the celioidin. The sections are then trans- 
ferred to a dish of 60 to 70 per cent, alcohol. The numbers thus 
written on the celioidin are not deleted by water and common 
reagents, such as alcohols, up to 96 per cent., xylol, the Weigert 
mordant, the bath used for toning and fixing Golgi-Cox specimens 
and so on. Many sections- can, therefore, be stained and treated 
as desired at the same time and finally mounted according to the 
progression of their numbers, provided, of course, that mounting 
media which dissolve celioidin are not used. 

GENERAL STAINS 

1092. Carmines. Ammonia-carmine is good for general views. 
Stain very slowly in dilute solutions. Bichromate material should 
be brought direct into the stain without passing through alcohol 
(see §§ 59 and 235). 

Picro-carmine has much the same action, but gives a better 
demonstration of non-nervous elements. 

Bolles Lee (1913 Ed.) preferred carmalum with formol 
material as giving a more delicate stain. He found it better than 
para-carmine. 

The best way of staining formol material with ammonia- 
carmine, carmalum, picro-carmine and the like, consists in making 
frozen sections, transferring them for a few hours either to 
Muller’s fluid, or 0*5 per cent, chromic acid as suggested by 
Schwalbe (Centralb. allg, PathoL, xii, 1901, p. 881). Sections 
are then washed for a longer or shorter time according to the 
amount of mordant one wishes to extract, proceeding afterwards 
to stain with one of the above-mentioned carmine solutions. 

On the other hand, sections of non-imbedded material fixed 
and hardened in one or other of the fluids mentioned in §§ 42, 
et seq., may be stained not only with carmines, but also with a 
great variety of dyes if one so desires (see Chapter XV). The 
same applies to sections of imbedded material, though the after- 
treatment to which it has been submitted may render more or 
less difficult the carrying out of certain general stains. One 
should remember that in any case the results thus obtained are 
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not very instructive, and by no means comparable with those 
attainable by the rational use of the special methods described 
in the following chapters. 

1093. Anderson’s Alum Carmine {Joiirn, Path, and BacL, xxix, 
1926, p. 117). The following carmine solution has been recom- 
mended for coimterstaining Weigert-Pal preparations (§ 1165), 
but can be used also for general purposes. Put 1 grm. of pure 
carmine in a 200 c.c. flask and add 10 c.c. of absolute alcohol': 
mix thoroughly. Add 5 c.c. of a 2 per cent, solution of chloride 
of lime and mix again. Add 90 c.c. of a saturated solution of 
ammonia alum and shake well. Bring the mixture to the boiling 
point, shaking several times while it is heating ; boil for one 
minute and filter. After filtering and cooling add 5 c.c. of acetic 
acid arid keep the stain in a well-stoppered bottle. It seems to 
last indefinitely ; it should be filtered back into the bottle after 
use. Sections, which were stained and differentiated by the 
Weigert-Pal method, are, according to Anderson, washed in 
water and placed in the carmine stain for two to three hours at 
50® C. They are then washed until the cclloidin is a faint pink 
colour, dehydrated and mounted in the usual way. As the 
carmine solution acts like a weak differentiator of the hsema- 
toxylin, it is as well not to carry the decolorisation by Pal’s 
method quite as far as usual. This carmine preparation can be 
employed with advantage for a variety of purposes. Except in the 
case of material treated with bichromate, there is no necessity 
for keeping the sections so long at 50® C. ; warming for thirty 
minutes at 37® C. is in most cases sufficient. 

Nigtosin and Anilin-blue-black. Nigrosin has given good results 
in some hands. Anilin-blue-black has been much recommended by 
Sankey {Lancet, ii, 1875, p. 82). And see also previous editions. 

1094. Picronigrosin. Mabtinotti {Ztsch. wiss. Mikr., ii, 1885, p. 478) 
stains for two or three hours or days in a saturated solution of nigrosin 
in saturated solution of picric acid in alcohol, and washes out in a 
mixture of 1 part of formic^ acid with 2 parts of alcohol. Kaiser {Ztsch. 
zmss. Mikr., vi, 1889, p. 471) stains sections ofspinal cord for a few 
hours in a solution of 1 part of naphthylamin brown, 200 of water, 
and 100 of alcohol, washes with alcohol, clears with origanum oil and 
mounts. Alizarine. Schrotter {Neurol. Centrabl., xxi, 1902, p. 338) 
stains sections for twenty-four hours in a 1 to 2 per cent, solution of 
sulphalizarinate of soda, differentiates for half to one minute in tap- 
water, dehydrates and mounts. This is a general stain, but demon- 
strates Nissl’s bodies and other details. Mallory’s Phosphomolybdic 
Acid Hsematoxylin and Kodis’ modification, see § 305. Haematoxylin 
and Acid Fuchsin. Finotti {Virchow's Arch., cxliii, 1896, p. 167) 
stains in hsematoxylin, counterstains for three minutes with 0*5 to 1 per 
cent, solution of acid fuchsin and differentiates in 75 per cent, alcohol 
containing a very little caustic potash. (See earlier edition.) 

1095. Van Gieson’s haematoxylin and picro-fuchsin (§ 427) 

gives useful general views of nervous tissue, for which it was 
originally devised, . , , ' 
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We recommend this method for celloidin sections : the latter of 
from 8 to 10 ju. thickness are transferred from water to Weigert’s iron 
hsematoxylin or modified Hansen’s iron-alum hsematoxylin. Mix 2 parts 
of ripened 1 per cent, hsematoxylin in 50 per cent, alcohol with 1 part 
of an acid solution of iron alum (iron-alum 4 grm., concentrated 
sulphuric acid 1 c.c., water 100 c.c.) The sections are usually stained 
in two to five minutes. After a thorough wash in tap water and 
differentiation in acid alcohol if necessary, they are passed one by one 
through van Gieson’s counterstain in which they remain from ten to 
twenty seconds. Here careful timing is necessary. They are passed 
from this through 70 per cent, alcohol into 95 per cent, alcohol, in 
which they are left for five to fifteen minutes. This washing in alcohol 
removes the picric acid from the nuclei leaving them dark blue. The 
sections are then passed through carbol-xylol (Phenol crystals 1, xylol 
3 parts), or clearing xylol (Abs. alcohol 1, xylol 6 parts) to xylol and 
mounted in “ acid balsam,” i.e. Canada balsam which has been satu- 
rated with salicylic acid crystals. 

The special value of the above method for the nervous system 
lies in the fact that it differentiates neuroglia from collagen fibres 
and so outlines sharply the limits of the blood-vessels and meninges. 

It is important that after van Gieson^s counter stain the sections 
should not enter any alkaline solution. If mounted in acid balsam, 
the red staining of the fuchsin is permanent and the salicylic acid 
does not appear to cause the hsematoxylin to fade. 

Rawitz! {Ztschr. wiss. Mikr., xxvi, 1909, p. 341) has some compli- 
cated methods with Indulin, Indaminhlau, and which take 

twenty-eight days ; and {ibid., xxviii, 1911, p. 1) others with fuchsin 
and azofuchsin which take over thirty-six days, 

Ariens Kappers (ibid., xxviii, 1911, p. 417) describes a staining 
method with extract of elderberries for material fixed and hardened in 
Muller’s fluid or similar solutions. It is very simple and particularly 
recommended for photographic purposes ; it should be carried out as 
follows : Stain celloidin or paraffin sections overnight in neutralised 
elderberries extract (obtained by fermentation at 20® to 25° G.), to which 
1 per cent, carbolic acid has been added. Wa-sh in water. Differentiate in 
3 per cent. Liquor ferri sesquichlorati F. G., wash, dehydrate, and 
mount. 

1096. Methods for Staining in Bulk. Pick (Centralb. f. GynakoL, 
xxii, 1898, p. 227) suggested staining and fixing frozen sections at 
the same time in a mixture of 10 per cent, formalin and alum carmine. 

ScHRiDDE and Fricke (Centralb. f. allg. path. u. path. Anal., xvii, 
1906, p. 720) fix small pieces of tissue in 9 parts alum carmine with 
1 part formalin for three to four days or longer, wash for twelve to 
twenty-four hours and differentiate in 200 parts of 75 per cent, alcohol 
with 1 part of 25 per cent, ammonia. 

Rothig (Folia NeurobioL, ii, 1909, p. 385) fixes and stains for about 
four weeks in saturated solution of methylenazur I, in 10 per cent, 
formol, put for ten to fifteen minutes into acetone, then for twelve 
hours into chloroform, and imbeds in paraffin. He has also a process 
with trichloracetate of lead and methylenazur. 

Strecker (Zeitschr. wiss. Mikr., xxviii, 1911, p. 17) recommends 
equal parts of 10 to 20 per cent, formalin and of Erhlich-Biondi tri-acid 
stain for twenty-four to forty-eight hours. And also 3 parts of toluidin 
blue in 100 parts of 10 per cent, formalin, fixing the blue thereafter 
with Bethe’s ammonium molybdate solution. 
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Ilbkeg (Xeur. CentrabL^xv^ 1896, p. 831) fixes in 96 per cent, alcohol, 
and stains pieces in Nissi’s soap solution of methylene blue for five to 
ten days, differentiating in 96 per cent, alcohol for two to three days, 
changing it every day. Imbed in paraffin and further differentiate 
the sections, if necessary, in 96 per cent, alcohol. 

1097, Da Fano {Journ, Physiol., lx, 1925, p, 1) fixes small 
pieces of fresh tissue in Bouin’s fluid, transfers to 70 to 80 per 
cent, alcohol overnight and then places in fresh alcohol of the 
same strength to which is added 1 per cent, lithium iodide, renew- 
ing this every day till the picric acid is almost entirely removed. 
Wash overnight in running water and then for some hours in 
distilled water, and transfer to Scott’s modification of Ehrlich’s 
haematoxylin diluted with 3 parts either of distilled water or 
of 2 per cent, acetic acid, (Scott’s formula {Journ. Path and Bact, 
xvi, 1911-12, p. 390), glycerol 100 c.c., water 100 c.c., alcohol 
(96 per cent.) 100 c.c., glacial acetic acid 10 c.c., potash alum 
7 grm,, hsematoxylin 1 to 1*25 grm. ; ripen several months.) 
Leave in this for two to three weeks according to thickness of 
pieces, changing the haematoxylin at the end of the first week. 
Wash quickly and put for two to three hours into acid alcohol 
(1 per cent. HCl in 70 per cent, alcohol). Wash overnight in tap- 
water. Pass through the alcohols up to 95 per cent, and thence 
place in 1 per cent, eosin in 95 per cent, alcohol for one week. 
Wash in 95 per cent, alcohol for two to twenty-four hours. Dehy- 
drate, clear and imbed in paraffin. 


t. 


CHAPTER XL 

mRYOm SYSTEM— SPECIAL METHODS CHIEFLY 
CYTOLOGICAL* 

A. METHODS FOR CELLS, DEMONSTRATING TIGROID SUB- 
STANCE AND OTHER GRANULAR MATERIALS 

1098. Tigroid substance or bodies, cliromophilic or cbromato- 
philic substance or material or granules, NissPs bodies or granules, 
etc., are all denominations for a markedly basophil substance 
which appears as blocks, granules or irregular patches within 
the cytoplasm of nerve-cells under certain conditions of fixing 
and staining. 

It is now universally admitted that this substance exists in 
the living cells as a fluid or semi-fluid “plasm rich in nutritive 
value,” and that the blocks, granules or patches are appearances 
chiefly due to the coagulation of this plasm, as brought about 
by the fixing agents employed for their demonstration. As, 
however, these bodies or granules appear always the same under 
constant optical conditions in healthy cells fixed and stained 
in a constant manner, they are said to be the equivalent of such 
healthy cells during life. “ It follows that if the cells, prepared 
by the same method and examined under the same conditions, 
show a difference from the equivalent or symbol of healthy cells, 
the difference is the measure of some change that has occurred 
during life.” (Hallibxnton, “ Handbook of Physiology,” London, 
1920, p. 194. See also Einarson {Amer, Journ, Path,, viii, 1932, 
p. 295).) 

This is pointed out to make it quite clear why Nissl has always 
insisted that his method should be carried out according to 
his suggestions, and in a constant manner. At first (Neurol, 
Centralb., iv, 1885, p. 500) he used to stain sections of material 
fixed in alcohol with a warmed watery solution of magenta or 
dahlia violet or vesuvine, and to differentiate them with alcohol. 
Later (Allg, Ztschr, Psych,, xlviii, 1892, p. 197) he suggested 
floating sections on a warmed solution of methylene blue (B 
patent), with subsequent differentiation with a 10 per cent, 
solution of anilin oil in 96 per cent, alcohol. The present form 
of the method was published in 1894 (Neurol, Centralb,, xiii, 
p. 507) ; but Nissl continued to introduce into it slight modifi- 
cations, to which due attention was paid when preparing the 
following account. 

* Revised by J. G. G. and P. M. D. * 
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The Niss] method is extremely useful for the study of nervous 
tissue under physiological and pathological conditions ; it stains, 
when properly carried out, not only the tigroid substance and 
the basophil parts of the nuclei of nerve-cells, but also the nuclei 
and part of the cytoplasm of neuroglia cells as well as connective 
tissue elements normally or abnormally present in the nerve- 
tissue, In a somewhat modified form it has been largely and 
successfully employed for investigating the topographical dis- 
tribution of nerve-cells (cyto-architecture) in different regions of 
the central nervous system of man and animals. 

1099. NissFs Methylene-blue Method. Not too small pieces of 
fresh tissue are fixed in 96 per cent, alcohol and hardened therein 
for a few days. They should not be allow^ed to fall to the bottom 
of the bottle, but kept floating by means of some filter paper or 
cotton wool. The alcohol must be in large quantity in proportion 
to the number of pieces, and repeatedly changed. The pieces 
are. cut without imbedding, and the sections collected in 96 per 
cent, alcohol, from which they are directly floated on some stain 
filtered into a watch-glass at the moment of using it. The 
.stain should be at least three to four months old, and shaken at 
the moment of filtering the quantity needed. It is prepared by 
carefully dissolving 1*75 grm. of Venetian soap in 1 litre of dis- 
tilled water and then adding 3*75 grm. of methylene blue (B 
patent). It is a good practice to shake the bottle vigorously 
from time to time, and to refilter into it the stain left in the 
watch-glass after staining one or more sections. 

The watch-glass containing the stain with the section floating 
on it is warmed carefully over a flame until small bubbles rise 
to the surface. Tlie section, which should not have fallen to 
the bottom of the watch-glass, is immediately transferred into 
a mixture of 10 parts of anilin oil and 90 parts of 96 per cent, 
alcohol, and as soon as no more colour is given off (if often takes 
only some seconds), it is lifted on to a slide, pressed with smooth 
filter paper, and ‘cleared with a few drops of pure anhydrous 
cajeput oil. Care should be taken not to dry the section exces- 
sively with the filter paper and to pour the cajeput oil on to the 
section very quickly. The cajeput oil not only clears the section, 
but stops the differentiation ; it is, therefore, advisable to renew 
it after a little while on the section. As soon as this has become 
quite transparent, the cajeput oil is dried off with filter paper, 
the section thoroughly washed with benzol and covered with a 
drop of thick xylol-colophonium, rendered more fluid by passing 
the slide carefully over a flame, and quickly covering the section 
with a thin cover-glass before the colophonium sets again by 
cooling. 

1100. Suggestions Regarding the Carrying-out of NissFs Method. 
%^or the fixation of tissues, alcohol; formalin, sublimate or mixtures 

\ 

\ 


of these may be employed. The results are, however, better if 
tissues are placed for some time in alcohol after fixation with one 
of the above fluids. Acid solutions or chrome salts should be 
avoided. Old formalin material can be used for carrying out the 
Nissl method and its modifications if it is treated for twenty-fbiir 
hours with ammoniated tap-water before being transferred to 
alcohols. 

Although the bichromates of potassium and ammonium and all 
mixlnires containing chromic salts should be avoided for cytologicai 
investigations in NissPs sense, sections from material fixed for a 
short time (twenty hours) in the mixtures of Orth, Heily or 
Maximow are well stained by Giemsa’s fluid if this is employed 
as described in § 865. 

Sections of material which were not fixed in alcohol and of 
imbedded tissues, however fixed, stain, as a rule, very poorly by 
NissFs soap-methylene-blue method ; but excellent results can be 
obtained by staining such sections with watery solutions (generally 
0*5 to 1 per cent.) of toluidin blue, thionin, Unna’s polychrome 
methylene blue, cresyl violet, dahlia violet, vesuvine, neutral, red, 
niagenta red, Azur II, and the like. 

Particularly good results are sometimes obtained by restaining 
the sections a second and a third time after having differentiated 
them completely each time (Da Fano, Proc. Physiol. Soc.^ Journ. 
P^^ioL, liv, 1920-21, p. 114). 

All specimens stained by Nissl’s method keep badly, but they 
can be preserved practically unaltered for months or even years 
if the following points are observed : (1) the anilin alcohol or 
alcohol used for differentiation purposes should be pure and 
completely removed by means of pure benzol before mounting 
the sections; instead of benzol, pure xylol can be used, though 
not advised by Nissl ; (2) the xylobcolophonium should be 
rather thick and prepared with pure xylol ; instead of colo- 
phonium, Canada balsam can be used ; it is in any case important 
that either the colophonium or the balsam should not be acid; 
some authors prefer thick cedar-wood oil or similar mounting 
media; (8) the mounted specimens must be carefully protected 
from light. 

1101. Modifications of Nissls’ Method. Bielschowsky and 
Plien’s Cresyl Violet Method (Neurol Centrblyxix, 1900, p. 1141). 
Celloidin or paraffin sections of material fixed either in alcohol or 
formalin, or sections made by the freezing method from formalin 
material, are stained for twenty-four hours in a very diluted 
solution of cresyl violet R.R., prepared by adding 6 to 8 drops 
of a concentrated aqueous solution to every 50 c.c. of distilled 
water. After a quick wash in distilled water sections are brought 
through the ascending series of alcohols, cajeput oil, and xylol 
into balsam. The preparations keep better than those stained 
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with thioiiin or toluidin blue, and are particularly useful for 
photographic purposes and cyto-architectural studies. The cresyl 
violet R.R. can also be used in 0*5 to 1 per cent, watery solutions ; 
paraffin sections stuck to slides are well stained after some hours, 
w^hcn they are differentiated in alcohol and mounted in the usual 
way, 

1102, Greenfield’s Thionin, The following method for staining 
Nissl bodies in ceiloidin sections from formalin-fixed material has 
been used by one of us for some years with excellent results, 
Ceiloidin sections of 10 to 12/i. are placed in acid alcohol (1 per 
cent. HCi in 70 per cent, alcohol) for five minutes. After a 
thorough wash in distilled water they are stained for ten to twenty 
minutes at 50"^ C. in a 0*02 per cent, solution of thionin. Excess 
of stain is removed in a bath of distilled water, and the sections 
are transferred first to 5 per cent, cajeput oil in 95 per cent, alcohol 
and then to 95 per cent, alcohol until differentiation is nearly 
complete. They are then cleared in an absolute alcohol-xylol 
mixture (1 part to 6), which completes the differentiation. They 
are washed in pure xylol and mounted in cedar-wood oil. This 
method, with the necessary modifications, can be applied to 
paraffin sections. Differentiation in cajeput oil is not always 
necessary and should be avoided when possible. 

1103. WiNDLE, Rhines and Rankin’s Thionin Method* {Stain 
Tech.y xviii, 1943, p. 77). In this method thionin is used in dilute 
buffered solutions for staining the chromophilic substance of 
formalin-fixed nerve cells differentially without resorting to over- 
staining and subsequent decolorising. A stock solution of the 
dye using 1 grm. of thionin in 100 c.c. of distilled water is made up. 
A veronal-acetate buffer solution with a pH of 3*65 (this gives 
optimum staining of chromophilic material) is prepared as 
follows. Two solutions are made up : 

Solution A : NaC 2 H 302 + 3 H 2 O, 9*714 gun. ; veronal-sodium, 
14*714 grm. ; distilled water (C02-free), to make 500 c.c. 
Solution B : NaCl, 42*5 grm. ; distilled water (C02-free), to make 
500 c.c. 

To each 5 c.c. of solution A add 2 c.c. of solution B, 14 c.c. 
of N/10 HCI. and 4 c.c. of C02“free distilled water. 

To each 10 c.c. of the above buffer solution and 0*5 c.c. of the 
stock dye solution. After rinsing in C02-free distilled water 
place mounted or unmounted sections in this solution. (Freshly 
fixed material 10 to 20 p thick is completely stained in ten or 
twenty minutes, but overstaining does not occur with longer times.) 
Wash in distilled water until dye no longer diffuses out, and then 
wash in 70 per cent, alcohol until there is no further diffusion of 
dye. Dehydrate in 95 per cent, alcohol and normal butyl alcohol, 
clear and mount. 

Einarson (Am, Joum, Paih,^ viii, 1982, p. 295), after experi- 
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nienting with many dyes, recommends gallocyanin as the best 
stain for Nissl granules. A variety of fixatives may be used ; 
96 per cent, alcohol (five to six days), alcohol-formalin (twenty- 
four to forty-eight hours), sublimate-formol (twenty-four hours), 
formol-alcohol-sublimate (eight to twelve hours), Zenker with 
acetic acid (about twenty hours) and neutral formalin (20 per cent, 
for three to four days) . ail give good results. Sections are cut in 
paraffin and are stained in gallocyanin 0’3 grm., chromalum 
10 grm., distilled water 200 c.c. 

1104. Rehm (Munch, med. Wochenschr., xxxix, 1892, p. 217) floats 
sections for half a minute to a minute on a hot 0*1 per cent, solution of 
methylene blue, differentiates them in 96 per cent, alcohol, and clears 
them with origanum oil. Lugaro (RetJ. Neurol, and Psych., iii, 1905, 
p. 339) fixes for forty-eight hours in 5 per cent, nitric acid in absolute 
alcohol, imbeds in paraffin, and stains sections for several hours stuck 
to slides in 1 ; 2000 or 1 : 3000 toluidin blue ; after a quick wash the 
stain is fixed by means of a 4 per cent, solution of ammonium molybdate ; 
wash, dehydrate, clear in xylol, and mount in balsam. Lenhoss^k 
(Fein Bau d. iVeraens., 1895) stains sections from formol material in 
a concentrated watery solution of thionin, rinses them with water, and 
mounts them with Nissl. Juliusbuegeb (Neurol. Centrhl., xvi, 1897, 
p. 259) stains sections of materials fixed in Orth’s fluid and imbedded 
in celloidin, either with Nissl’ s methylene blue or with warmed neutral 
red. Rosin (Deutsche med. Wochenschr., xxiv, 1898, p. 615) prefers 
neutral red for sections of material fixed in formalin. Kirkman (Anat. 
Rec., li, 1932, p. 323) stains Nissl’s substance both in routine formalin 
fixed material and also in Weigert-Pal sections with acidified neutral 
red, using 1 grm. of neutral red, 500 c.c. of distilled water and 2 c.c, of 
a 1 per cent, solution of glacial acetic acid. iMNnossi^K (Neurol. 
Centrbl., xvii, IS9S, p. 577) fixes ganglia either in Carnoy’s fluid or in 
equal parts of a concentrated solution of corrosive sublimate and a 
saturated watery solution of picric acid. He imbeds either in paraffin 
or celloidin and stains the sections in a concentrated watery solution 
of toluidin blue overnight, rinses with water, differentiates quickly 
with alcohol, and clears with xylol or carbol xylol. 

VANGEHUCHTENandNELis (IrU xiv, 1898, p. 374) recommend 

fixing spinal ganglia in Gilson’s mixture, and staining thin paraffin 
sections in a watery solution of toluidin blue. Van Gehuchten uses 
paraffin sections mounted on slides by the water method, and stains 
them for five to six hours in Nissl’ s methylene blue solution in the 
incubator at 35® or 40® C. Gothabd (C. R. Soc. Biol.^ v, 1898, p. 330) 
stains celloidin sections for twenty-four hours in Unna’s polychrome 
methylene blue, and differentiates them with a mixture of 5 parts of 
creosote, 4 of cajeput oil, 5 to 8 of xylol, and 15 of absolute alcohol. 
The mixture is removed with absolute alcohol and sections mounted 
in dammar after clearing with cajeput oil. Lxjithlen and Sorgo 
(Neurol. Centrhl., xvii, 1898, p. 640) differentiate in Uima’s glycerol- 
ether mixture after staining with polychrome methylene blue. They 
remove the differentiating mixture with absolute alcohol and clear 
with origanum oil. Similarly Lennhofp (ibid., 1910, p. 20) ; or, 
polychrome methylene blue two minutes, distiUed water quickly 
carbol-pyronin-methyl green twenty minutes ; distilled water quickly, 
absolute alcohol, oil, balsam. Lord (Joum. Ment. Sc., xliv., 1898, 
p. 693) makes sections from frozen fresh tissues, treats them for a few 
seconds with a mixture of equal parts of 6 per cent, formaldehyde and 
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saturated soiutiou. of picric acid, tlien rinses them with distilled wa 
and stains tficm in 5 per cent, solution of methylene blue, B pat. 

LuxI'^nbueg (NeuroL CentrbL, xviii, 1899, p. 688) stains paraffin 
serial sections either with NissFs soap methylene blue or with thionin, 
as Lenhossek. . ' 

PoLUMORB’wiKOW^ {ZtscJiT. wiss, MUtr.. xvi, 1899, p. 371) fixes in 
Gilson’s mixture and uses for staining 1 part of a 1 per cent, solution 
of toliiidin blue to 119 of distilled water alkalised with 1 of sodium 
carbonate. 

Picromarine has been successfully used by Messner (Journ. PsychoL 
NeuroL, xviii, 1912, p. 204 ; xx, 1913, p. 256). Sections of aicohoi 
material, imbedded in celloidin or not, are washed in water and then 
stained for five minutes in a warm diluted solution of Ranviers picro- 
carmine. After a quick wash, they are differentiated in 8 per cent, 
hydrochloric acid, dehydrated, and mounted as usual. In the case of 
the spinal cord, medulla oblongata, and pons, the method also succeeds 
if material was fixed in formalin. 

Other Modifications and Methods for the Basophil Substance of Nerve- 
cells. See last edition. 

1105. Neurosomes. This term was first used by Held to 
indicate certain granules which since 1895 he succeeded in staining 
in nerve-cells by means of the method described hereafter. Two 
years later he included under the same heading minute, sharply- 
delineated rods of fairly uniform size which stained by the acid 
fuchsin method of Altmami and the iron-hasmatoxylin methods of 
Heidenhain and Benda. These rod-shaped bodies \vere after- 
wards identified by Cowdry {Int Monatschr, Anat, xxix, 1913, 
p. 473) as mitochondria, but the term ‘‘ neurosomes ’’ was retained 
to indicate the granules which can be shown by Held’s erythrosin- 
methylene-blue method or one or other of its modifications. 
As pointed out by Cowdry, they arc irregular in size and shape and 
more numerous in the cone of origin of the axon. They are 
seldom, if ever, seen after fixation, in fluid containing osmic acid, 
which is most suitable for mitochondria, while they are best 
stained after fixing in Carney’s fluid, picro-sulphuric acid and 
other acid solutions which destroy mitochondria. Although it 
has been suggested by Heidenhain {Plasma und Zelle, Fischer, 
Jena, 1911, p. 1110) that the neurosomes may be neurofibriis 
stained discontinuously, their precise nature is considered at 
present as unknown. 

1106. Held’s Methylene Blue and Erythrosin Method (Arch. 
Anat Phys., Anat. Abth., 3895, p. 399 ; isOT, p. 226). Material 
may be fixed in alcohol, but })referably cither in picro-sulphuric 
acid, or in van Gehuchten’s mixture of alcohol, chloroform and 
acetic acid, or in 1 per cent, corrosive sublimate in 40 per cent, 
acetone. Tissues should be carefully imbedded in paraffin and 
the sections stuck to slides by the water method. They arc 
stained with the aid of gentle heat for one to two minutes in a 
solution of 1 grrn. erythrosin in 150 of distilled water acidulated 
with 2 drops of glacial acetic acid.. After washing with water, 
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the slides are transferred into a mixture of equal parts of NissFs 
methylene-blue solution and 5 per cent, acetone, warming until 
all odour of the latter has disappeared. Differentiation is carried 
out after cooling by means of a 0*1 per cent, solution of alum 
until sections are reddish. Rinse in distilled water, dehydrate as 
rapidly as possible in absolute alcohol, wash in xylol and mount 
in balsam. 

Another method is to overstain sections with eosin before staining 
with one of the polychrome blues used to stain Nissl granules. The 
degree of overstaining required varies with the subsequent treatment. 
It is important to note that counterstaining sections after they have 
been stained by one of the Nissl modifications is rarely, if ever, satis- 
factory. 

1107. Other Methods for the Double Staining of Nerve-cells. Rosin 
{Neurol. CentrbL, idi, 1893, p. 803) fixes the tissues by preference in 
alcohol or formalin, and imbeds either in paraffin or celloidin. Paraffin 
sections are stained for five minutes in a mixture of 0*4 grm. of Ehrlich’s 
triacid (powder), 100 c.c. of distilled water, and 7 c.c. of a 0*5 per cent, 
solution of acid fuehsin. Celloidin sections are stained for one minute 
in a solution consisting of 4 parts of the above mixture and 1 part of 
0*5 per cent, acid fuehsin. In both cases the sections are washed in 
distilled water, differentiated in 1 : 2000 acetic acid, dehydrated with 
absolute alcohol, cleared in xylol and mounted in balsam. 

Mann (Ztschr. wiss. Mikr.^xi^ 1894, p. 489) recommends the following 
for material fixed in one or other of the (watery) solutions men- 
tioned in § 1089. Paraffin sections stuck to slides by the albumen 
method are treated with Gram’s solution of iodine in potassium iodide 
and washed in water. The still yellow sections are stained for five to 
ten minutes in 1 per cent, eosin in water, washed once more, and 
restained for twenty to thirty minutes in a 0*5 per cent, solution of 
toluidin blue in water. Rinse in water, dehydrate in absolute alcohol, 
clear in xylol, mount in turpentine-balsam. Instead of toluidin blue 
4 per cent, of Ehrlich’s methylene blue for intra-vitam staining in 
I per cent. NaCl can be used. 


B METHODS FOR CELLS AND FIBRES DEMONSTRATING 
NEUROFIBRILS 

1108. Introductioh. Nerve-eells contain, in addition to the 

granular constituents already dealt with, a so-called achromatic 
portion apparently consisting of very fine fibrils which can be 
seen with great difficulty in the unstained state, but can be 
brought into view by means of the methods described in the 
following paragraphs. These can be used with some slight 
variations, also for demonstrating neurofibrils in the axis cylinders 
of nerve-fibres as well as in nerve-endings.^ ^ ^ ^ 

For some observations on the impregnation of neurofibrils the 
reader is referred to King (Yale Jotirn. Biol, Med., xiv, 1941, 
p. 59). 

1109. Apathy’s Methods. The gold rmthod i^'' Nachvergoldung'f 
has been given in § 394. The stain is very sharp, but good results 
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are oMaiBed only in certain invertebrates, and even in these with 
considerable difficulty. 

The hmmateine method {Mitth, ZooL Stat. Neapel, xii, 1897, p. 712) 
has the same advantages and disadvantages, and has been little used 
since the discovery of the Cajal and Bielschowsky processes. Material 
may be fixed with corrosive sublimate, Zenker’s fluid, picro-sulphuric 
acid, or any other mixture which is not inimical to staining with alum 
haematoxylin, and should be preserved in 90 per cent, alcohol. Pieces, 
no more than J cm. thick, are stained for at least forty-eight hours in 
haemateine I. A. (§ 294), and then washed up to twenty-four hours in 
absolutely pure distilled water, or preferably suspended therein. Before 
the stain has become washed out of the neurofibrils entirely, it is fixed 
by putting the pieces for three to five hours into tap water after 
which they are put back for not more than two hours into distilled 
water, dehydrated as rapidly as possible by hanging them up in absolute 
alcohol, and imbedded in paraffin or celloidin, after clearing with 
chloroform, and carefully protecting them from light whilst in chloro- 
form or celloidin. The sections are mounted either in a resin or in 
neutral glycerine. 

1110. Bethe’s Molybdenum-Toluidine Blue Method (Ztschr, wiss* 
Mikr,, xvii, 1900, p. 13). Pieces of the central nervous system of 
vertebrates are fixed for twenty-four hours in 3 to 7-5 per cent, nitric 
acid, and then brought directly into 96 per cent, alcohol for a day or 
longer. They are afterwards put for twelve to twenty -four hours in a 
mixture of 1 part of ammonia (sp. gr. 0-95) with 3 of distilled water and 
8 of 96 per cent, alcohol ; for six to twelve hours into pure alcohol ; 
for twenty-four hours into a mixture of 1 part of concentrated hydro- 
chloric acid, 3 of distilled water, and 8 to 12 of alcohol ; for ten to 
twelve hours into pure alcohol ; for two to six hours into water. They 
are now mordanted with 4 per cent, ammonium molybdate, washed 
again, dehydrated and imbedded in paraffin. The sections, 8 to 10 ft 
thick, are seriated on slides by means of egg albumen, but without water, 
then passed through xylol and alcohol and differentiated, viz., covered 
with water poured on the sections so as to form over them a layer 
1*5 to 2 mm. deep, and put into an incubator at 55® to 60® C. for ten 
minutes. They are then rinsed with water, covered with a 1 : 3000 
solution of toluidine blue, stoved for another ten minutes, rinsed with 
water, and lastly treated with 96 per cent, alcohol till no more colour 
comes away. After dehydration with absolute alcohol they are mounted 
in the usual way. 

The method is also applicable to invertebrates for which other fixing 
agents besides nitric acid are admissible, and the impregnation with 
ammonium molybdate may be carried out on the sections. 

4111. Lugaro’s Modification {Riv. Pat Nerv, Ment, x, 1905, p. 265) : 

1. Fix in 1 per cent, nitric acid in pure acetone, forty-eight hours. 

2. Acetone twelve to twenty-four hours, changing it three to four 
times. 

3. Pass through equal parts of acetone and xylol into pure xylol till 
clear. Imbed in paraffin. Cut at 5 ft ; fix to slides. 

4. After dissolving out the paraffin with xylol, put the slides in 
absolute alcohol for twenty-four hours. 

5. One per cent, acetic anhydride in absolute alcohol twenty-four 
hours. 

6. Wash in distilled water and stain in 1 in 3000 toluidin blue for 
one hour at 55® to 60® C. 

7. Wash in water and treat with 4 per cent, ammonium molybdate, 
as in Bethe’s method. 
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I ,8, Wash again, dehydrate in alcohol, clear in xylol,- and mount in 

Canada balsam. 

I 1112. Donag-gio’s Methods (Rw, Sper. Freniatr.y xxx, '1904, p. 397, 

; and xxxii, 1906, p. 394). There are five methods of Donaggio. By 

I the first two, pieces are stained in bulk before imbedding, but results 

: are not so good as by the other three, the ndtost important of which is 

I ' MethodTII. - 

Method I. Fix in saturated solution of mercuric chloride ; wash this 
; out first with water to which a little tincture of iodine has been added, 

and then in distilled water for two to three hours. Place in pyridin 
for forty-eight hours, changing once, and, without washing, stain 
for forty-eight hours in 1 in 10,000 or 1 in 15,000 solution of thionin 
blue in distilled water. The pieces should be kept floating in the stain 
by being fixed to pieces of cork by one corner by means of paraffin 
wax. The stain should be changed once during this time. Pass directly 
into 4 per cent, ammonium molybdate solution containing 4 drops 
of pure HCl for each 100 c.c., and leave in this for twenty-four hours. 

Wash out in water for twelve hours, pass through alcohol and xylol 
to paraffin. Cut sections, mount without further staining after removal 
of paraffin. 

Method III* Good for spinal cord, pons, medulla oblongata, spinal 
and sympathetic ganglia. Thin slices of tissues are fixed for five to # 

six days in pure pyridine changed at least once, and then treated with 
repeatedly changed distilled water until the pyridine has been entirely 
eliminated. The surfaces of pieces are smoothed by means of a sharp 
razor, and the pieces brought for twenty-four hours into .4 per cent, 
ammonium molybdate to which 4 drops of hydrochloric acid have 
been added. After a quick wash, they are rapidly dehydrated in 
95 per cent, and absolute alcohols, and imbedded in paraffin. The 
sections, which must be rather thin (3 to are brought through 
xylol, absolute and 95 per cent, alcohols into distilled water and here 
washed. ' 

This is the crucial point of the method because, by washing, ammo- 
nium molybdate becomes extracted from the sections, and the success 
of the subsequent staining depends almost entirely on carrying out the 
extraction up to the right point. The only way of ensuring this consists 
in proceeding by trials, which must be repeated for every series of 
sections. Once the right amount of washing has been decided upon, 
one can proceed to stain even many slides at the same time by means 
of a 1 : 10,000 solution of thionine, to be freshly prepared every time 
from a less diluted stock solution. 

The staining is a “progressive” one, and must be controlled 
under the microscope. It generally takes about twenty minutes to 
obtain it, at the end of which time the grey substance has a red- 
purple tone whilst the white substance is bluish. If the staining is 
right the preparations can be quickly washed, dehydrated and mounted. 

But if the neurofibrils are not quite sharply stained, the preparations 
can be “ differentiated ” for another fifteen to twenty minutes in the 
ammonium molybdate solution used for mordanting the pieces, or for 
ten seconds in a diluted solution (1 : 10 to 1 : 20) of ‘‘ pink salt” (C. 

Efba^ Milano)* Preparations last only a few months, but are some- 
times of great interest. See Da Fano, Ziegler's Beitrage, xliv, 1908, 
p. 495. 

Method IV is particularly useful for the demonstration of neuro- 
fibrils in the cells of the cortex cerebri and cerebelii. It differs from 
Method III only as regards a preliminary fixation of the pieces for 
twenty-four hours in a mixture of pyridine nitrate 10 grm., and pyridine, 

17 ~-» 
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100 c.c. ; they are then transferred for another thirty -six hours into 
pure pyridine, proceeding as in Method III. 

Method V may be used for the demonstration of both NissFs substance 
and neuro fibrils. Pieces are fixed in a saturated solution of corrosive 
sublimate ; after a day they are treated for twenty-four hours with 
distilled water to which a few drops of iodine tincture have been added, 
then for two to three hours with pure distilled water ; and lastly 
passed for forty-eight hours into pure pyridine, this being changed at 
least once. The rest as in Method III. 

Method VII (for pericellular investments). Fix small pieces of tissue 
in a saturated solution of corrosive sublimate for twenty-four hours. 
Remove excess of sublimate by means of tincture of iodine, 15 drops 
in 100 c.c. of water. Wash in distilled water two to three hours. Place 
in pyridin, changing once, for thirty-four to forty-eight hours. Remove 
pyridin by washing for twenty-four hours in distilled water, repeatedly 
changed. Place in 4 per cent, ammonium molybdate containing 4 drops 
of pure hydrochloric acid for every 100 c.c. Wash in water for half to 
one hour. Return the pieces to fresh pyridin, changing this once, for 
thirty -six to forty-eight hours. Stain in 1 in 10,000 or 1 in 15,000 
thionin for forty-eight hours, suspending them in the solution as in 
Method I. Transfer the pieces, still attached to the cork into the same 
acid solution of ammonium molybdate and leave for twenty-four hours. 
Wash in repeatedly-changed distilled water for twenty-four hours, 
pass through alcohols and xylol into paraffin, and cut sections. Mount, 
after removing paraffin, without further staining. 

Paravicini (Boll. Mu$. Z. Anat. Comp. Torino, xx, 1905, p. 1) 
fixes and mordants in the dark, and differentiates after staining with 
extremely weak hydrochloric acid. 

Tomaselli (Ztschr.wiss. Mikr.^xxiii, 1906, p. 421) fixes spinal ganglia 
for six to seven hours in absolute alcohol 100 c.c. with 4 to 5 drops of 
ammonia, and then transfers them for two days into pure pyridine 
to be repeatedly changed, the vessel with the pieces being kept at 36° 
to 37° C. After washing for two to three hours in running tap-water, 
he continues as in Donaggio’s Method III. 

For the criticism of JXderholm, see Arch. mikr. Anat, Ixvii, 1906, 
p. 108 ; and for that of Montanari, Ztschr. wiss. Mt7cr., xxviii, 1911, 

p. 22. 

1H3. Ramon y Cajal’s Methods, Introductory. It has been 
said by some authors that Cajal’s methods were originally only 
modifications of the photographic process of Simarrg Trim. 
Micr., V, 1900, p. 45). The criticism is unjust because even the 
first formula of Cajal differs so profoundy from Simarro’s process 
as to form an entirely new method. One cannot, however, deny 
the existence of a certain similarity of conception between the 
two processes in so far as both are based on the silver-reducing 
power of certain photographic reagents. The influence which 
Simarro’s early work had upon Cajal and the development of 
Cajal’s own methods are discussed in Cajal’s autobiography, 

Recollections of My Life,” Philadelphia, 1937. 

Formula 1. Small pieces of fresh tissue are put directly into 
1*5 per cent, silver nitrate and kept therein for three to four and 
even to five days at a temperature of about 35° C. In summer, 
with a temperature constantly over 22° C., the stove may be 
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dispensed with, provided the impregnation is prolonged for two 
to three days longer. The tissues are known to be ripe for reduc- 
tion when a freshly cut surface shows a brownish-yellow colour. 
In this country it is better to use incubator temperature. 

They are then washed for one to two minutes in distilled water 
and put into — 

Pyrogallol or hydroquinone , . 1--2 grm. 

Distilled water . . , , 100 c.c. 

Formalin ..... 5-10 c.c. 

The formol is not necessary but useful. One may use pyridine 
instead (1 to 8 per cent.). The addition of a small quantity of 
sodium sulphite (0-2 to 0*5 per cent.) has been abandoned by 
Cajal. The stronger the pyrogallol or hydroquinone solution, 
the greater the contrast, so that it may be useful to take, some- 
times, as much as 8 per cent, of either the one or the other, but 
then the over-impregnation of the outer layers is increased. 
Hydroquinone reduces more energetically than pyrogallol. 

The pieces remain in the reducing fluid for about twenty-four 
hours and are then quickly washed, hardened in alcohol and 
imbedded in paraffin or celloidin. The sections (15 to 20 fi 
thick) are mounted in dammar after toning with a solution of 
gold chloride if the reaction is rather weak, without toiling if 
the impregnation is a good one. 

Faintly impregnated sections can be advantageously toned 
with- — 

Distilled water . . . . . 100 c.c. 

Ammonium sulphocyanide . . . 8 grm. 

Sodium hyposulphite . . . . 8 „ 

1 per cent, gold chloride . . . Some drops. 

If subsequently found to be too dark they can be bleached by 
Veratti’s potassium permanganate and sulphuric acid mixture 
(see § 982). 

The sections from the outer layer are generally too dark for 
study, those from the innermost too pale, whilst those from the 
intermediate layer are good. The over-staining of the outer 
layer can be diminished by diluting the silver nitrate with 1 volume 
of water for the last twelve hours. , 

The method has the defect of giving an imperfect fixation of 
the nervous tissue and of impregnating, almost exclusively, cell 
bodies and dendrites. It is not good for ganglia and large cells 
of adult subjects, but excellent for small and medium-sixed cells 
of very young subjects and early embryos. 

Formula 1, A. As the last, but pieces are fixed in 8 to 6 per 
cent, silver nitrate. This formula gives better fixation, and was 
successfully used by Dogiei. {Anat. Am,, xxv, 1904, p. 558, and 
Arch, mikr, Anat., Ixvii, 1906, p. 688) for the study of Grandry’s 
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corptiscies and other sensory nerve-endings, by Kolmer 
Am.; xxvi, 1905, p. 560) for the epidermis of Lumbncus^ etc., 
and by other authors for the ganglionic chain of Hirudinea, 

Formula 1, B. As above, but taking 0*75 per cent, silver nitrate 
and very small pieces, preferably from embryos and new-born 
subjects. Poor fixation, much shrinkage, but vigorous stain of 
the neurofibriis, nucleolar granules and the intranuclear rodlet of 
Roncoroni. 

Formula 1, C. As above, but tissues are fixed in 2 per cent, 
silver nitrate to which one-fourth of absolute alcohol or acetone 
has been added. Better fixation than with pure silver nitrate. 
Results very similar to those obtainable by Formula 1 with dog, 
cat and rabbit, and better results with human cerebrum and 
cerebellum. 

Formula 2. Fixation for twenty-four hours in 96 per cent, 
alcohol. Tissues not washed, but mopped with blotting paper 
and put into 1*5 per cent, silver nitrate for seven days at S5^ C., 
or six days at 40° C. The rest as Formula 1. Good impregna- 
tions of nerve-centres of adults, of peripheral nerve-endings, of 
regenerating nerves, of nerve- ceils of early embryos, and of young 
fishes. It impregnates meduilated and many non-medullated 
fibres, large and medium nerve-cells, the basket fibres of Purkinje’s 
cells, etc. Results fairly constant, but sometimes showing a 
granular precipitate of unknown origin. 

To hinder this precipitate and, at the same time, to hasten the 
impregnation, it is well to add to the alcohol certain substances 
which Cajal calls accelerators. Such are chloral hydrate, veronal, 
pyridine, nicotine, ethyiamine, antipyrine, and others. 

Hypnotics, particularly veronal and chloral, and in a less 
degree pyridine and ammonia, also act as rejuvenators; reviving 
the susceptibility of impregnation in tissues which have lain too 
long in alcohol. 

Formula 2, A. Fixation for twenty-four to forty-eight hours 
in 96 per cent, alcohol with 2 per cent, of chloral hydrate. Silver 
bath of 1*5 per cent, for five days in the stove. The rest as usual. 
Veronal (same proportion) gives the same result, as do also 
sulphonal, trional, hedonal, etc. The results are very constant. 
Meduilated fibres well shown. 

Formula 2, B. Fix for twenty-four hours, in 96 per cent, 
alcohol with 10 to 20 per cent, of pyridine ; wash for some hours 
in pure alcohol and transfer pieces into 1*5 silver nitrate for five 
days at 37° C. 

This formula may be successfully employed for the study of 
peripheral nerve-endings. In this case material is better fixed 
for twenty-four hours in pyridin to which one-third its volume 
of distilled water or 96 per cent, alcohol has been added. Pieces 
should be washed in running tap-water overnight and then 
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transferred for six hours into pure 96 per cent alcohol. Impr^- 
nation, reduction, imbedding, etc., as above. Results are good, 
but pieces become extremely hard even if dehydrated very 
quickly, and are consequently difficult to cut. See also Formula 5. 

Formula % C. Fix for twenty-four hours in 50 c.c. of alcohol 
with 10 drops of nicotine. Mop up with blotting paper, without 
washing, and silver as usual for five days (or four at 40° C.). 
Good results with adult tissues, especially spinal cord. Good 
penetration and less shrinkage than with pure alcohol. 

Formula 2 i B. Fix for twenty-four hours in allylalcohol (the 
industrial product will do). Wash for some hours in several 
changes of water. Put for a day into 50 c.c. of alcohol with 
4 drops of ammonia. Silver for four days at 35° to 38° C., and 
reduce as usual. Good for human tissues, especially for fibre 
plexuses of cerebrum and cerebellum. Instead of allylalcohol 
one may take acetal or acetone. Put for six hours into acetone 
with 25 per cent, of water, then for twenty-four into pure acetone, 
wash in water, etc., as above. 

Formula 3. Fixation in ammoniacal alcohol for twenty to 
forty-eight hours. The most generally useful formula is 50 c.c. 
of 96 per cent, alcohol with 4 to 5 drops of ammonia (of 22° 
strength). But for cerebrum not more than 1 to 3 drops ; for 
cerebellum, ganglia, spinal cord and regenerating tracts, 4 drops; 
for neurofibrils of the large nerve-cells of the medulla oblongata 
and spinal cord, 9 to 10 drops. To avoid shrinkage, it is well to 
begin by putting the pieces for six hours into 70 per cent, alcohol, 
then in 85 per cent., without ammonia ; then for the rest of the 
time into the ammoniacal alcohol. Do not wash, but mop up 
with blotting paper before putting into the silver. Silver for 
four to four and a half days (small specimens) at 40° C., or medium 
to large (3 to 4 mm. thick) for five days at 32° to 35° C. So 
long as the tissues are only yellowish- white, they are not ripe for 
reduction ; light grey indicates ripeness ; dark grey over-ripeness. 
Reduce as by Formula 1. 

Specimens may be decalcified, after reducing and washing, in 
96 per cent, alcohol to which a few drops of nitric acid have been 
added. 

For the impregnation of the neurofibrils of large and medium 
nerve-cells this formula is superior to all others. It gives good 
results with the majority of nerve-centres, and is particularly 
good for non-medullated fibres, peri-cellular baskets of cere- 
bellum, buds of Held and Auerbach in the oblongata, spinal and 
sympathetic ganglia and regenerating nerve-fibres. 

Formula 3, A. Fix in 50 c.c. of alcohol with 10 grm. of glycerine 
and 6 to 10 drops of ammonia. Good for retina and non- 
medullated fibres, but especially for the buds of Held and 
Auerbach. 
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JEormula 3, B. Fix in 50 c.c. of alcohol with 1-5 c.c. of a 83 per 
cent, alcoholic solution of ethylamin. Results the same as with 
ammoniaeal alcohol. 

Formula 4. Pieces of tissue of not more than 4 mm. in thick- 
ness are fixed for six to twelve hours in 15 per cent, formol. Wash 
for six or more hours in running tap-water. Put for twenty- 
four hours into 50 c.c. of alcohol with 5 drops of ammonia. Wipe 
with blotting paper, silver for five days (or four if the stove is at 
38° to 40° C.). The rest as usual. Sharp impregnation of the 
finer fibres of nerve-centres and of the terminal buds of peri- 
Mllular nests. Adult tissues give better results than young ones. 
Energetic stain of the aborisations of the moss fibres of the 
cerebellum. 

Formula 4, A. Fix in a mixture of formol and alcohol. Wash 
out thoroughly with running tap-water, silver, and reduce as 

usual. Fixation more rapid and better ; results similar to those 
or No. 3. 

Formula 5. This is characterised by a preliminary fixation in 
pyridm as originally suggested by Held (Arch. Anal. Physiol., 
Anat. Abth., 1905, p. 77; Anat. Anz., xxix, 1906, p. 186). He 
used to fix tissues in pure pyridin, but Cajal finds that this is 
likely to cause much shrinkage, and he recommends fixing small 
pieces first for six to eight hours in a mixture of equal parts of 
distilled water and pyridin, then for eighteen to twenty-four 
hows m pure pyridin. Wash for several hours in running water, 
and put for a day into 90 per cent, alcohol. Wipe, and put for 
tow to five days into 1-5 per cent, silver nitrate at 35° to 38° C 
and reduce as usual. Not very good for adult organs, but superior 
to all others for the earliest phases of neurogenesis, and good for 

re^nerative processes, as well as for peripheral nerve-endings. 

formula 6. Put for twenty-four hours into 50 c.c. of water 
with 5 grm. of chloral hydrate, rinse, and put into 50 c.c. of 96 
per cent, alcohol with 5 drops of ammonia (time not stated). 
Wipe with blotting paper ; put for four to five days at 35° to 38° C. 
into 1-5 per cent, silver nitrate, and reduce as usual. Results 
very constant without shrinkage. Good for the fine plexuses of 
cerebmm, bulb and cord, the baskets of Purkinje’s cells, and 
mras fibr^ ; also for motor plates and for regenerating nerves. 

Denny-Brown and Hoff have used this method with success for 
stemmg the boutons terminaux ” on the anterior horn cells of 
the spinal cord. In experimental work they inject 10 per cent, 
chloral hy^ate into the aorta after washing out the vascular 
system with sahne. 

twenty-four hours in 10 per cent. 
cMorcdhydr^, wash for six hours and put direct into the silver 

similar to those of Formula I. 

Medullated fibres weU stained. 
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Formula !. Fix for twenty-four hours in Merck’s fibrolysine, 
wash for six, put for twenty-four into 50 c.c. of alcohol with 5 
drops of ammonia. The rest as by other formula:. 

Instead of fibrolysin, lysidine may be taken. 

1114. AppMcation of Cajal’s Methods to different Objects. 

1. For the study of the evolution of neuroblasts and nerve-fibres 
in very early embryos it is necessary to avoid fixing with formol, 
or alcohol with an accelerator, or ammoniacal liquids. The best 
formulas are 2 and 5 which are applicable to all vertebrates, but 
preferably to embryos of birds and fishes. 

2. For late embryos and foetus of mammals. Besides the above 
formulae, 3, 6 and alcohol with an accelerator. Best subjects, 
embryos of chick from the fifth day, and of rabbit from the tenth 
to the twelfth day ; or new-born birds, with ammoniacal alcohol, 
or 5. 

3. For sympathetic ganglia. Formula 3, or pure alcohol, or 

4 and 5. Best with man. Dog, cat, and rabbit give mostly 
weak reactions. The visceral ganglia are the most difficult. 

4. Sensory ganglia. Formula 2 or 3. Easy. 

3. Cerebellum^ For Purkinje cells, 1 or 3. For the baskets, 
climbing fibres, and medium and small dendrites, 2 or its variants. 
For terminal rosettes and collaterals of moss fibres and for the 
plexuses of the granular layer, 4 or sometimes 5 or 6. For the 
stellate cells of the molecule layer, 2 and 3. The best subject for 
the latter is the dog, 

6. Cerebrum. In general, the same formulae as for the cere- 
bellum, especially 1 for pyramids of young dogs and cats (of eight 
to twenty days). In Formula 3 the proportion of ammonia 
should be diminished. For fine plexuses, 4, 5, and 6. 

7. Spinal cord and bulb. All the formulae are applicable. 
For neurofibrils of motor cells the best subject is the dog of four 
to fifteen days, with Formula 3, with a large dose of ammonia 
(10 drops) ; also the alcoholic fixatives with an accelerator. 
For medullated fibres, large and small, 2 or 6. For buds of Held 
and Auerbach and for fine plexuses, 4, 3, A, or 5. 

8. Ganglia of invertebrates. For the medicinal leech (not for 
other leeches), 1, A. For Hcemopis, Avlostomum, Pontobdella 
and Glossiphonia^ 2 or, better, 3, with not more than 2 to 5 drops 
of ammonia and 3 per cent, silver nitrate, stoving three or three 
and a half days. For further details see Sanchez, Trab. Lab. 
Invest. Biol.y Madrid, vii, 1909, pp. 42-47. 

Lumhricus is generally refractory to Cajal’s methods. Boule 
{Le Nevroicey Xi 1908, p. 15) obtained good impregnations by 
acidifying the fixatives. He takes : (c^) 25 per cent, formol with 

5 per cent, of acetic acid ; or (6) the same with 0*5 per cent, of 
ammonia ; or (c) 100 c.c. of alcohol, 25 c.c. of formol, 5 c.c. of 
acetic acid, and 0**5 c.c. of ammonia. For the impregnation he 
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uses 3 per cent, silver nitrate with 15 per cent, of alcohol, and 
reduces in the usual hydroquinone-fornioi solution, with the 
addition of 15 c,c. of alcohol. These results are confirmed by 
Ko-walski {La Cellule, xxv, 1909, p. 292), and by Szuts {AnaL 
Anz,, xiii, 1912, p. 262). Kowalski gets impregnations also by 
simply starving worms for several days, or exposing them to 
cold (—5° C.) for a quarter of an hour. 

9. Regenerating nerve-tissue. For nerves operated on a month 
or more previously, Formula 2 or 3, wdth not more than 3 drops 
of ammonia, will stain equally the old and the new fibres ; for 
nerves operated on not more than two to ten days previously, 
Formulae 3 with 4 to 6 drops of ammonia, 5 with pyridin, and 4, 
also sometimes 6 ; for regeneration in cord, cerebrum, and cere- 
bellum, 3 with 3 drops of ammonia, or 5, or pure alcohol. 

1115. Modifications of Ram6n y Cajal’s Methods. Raxson 
and Davenport {Amer. Journ. Anat, xlviii, 1931, p. 331) 
describes a pyridine silver technique for unmyelinated fibres in 
the spinal nerves. Fix fresh tissue for forty-eight hours in 
ammoniated alcohol (absolute alcohol 99 c.c., 28 per cent, ammonia, 
water 1 c.c.) ; rinse in distilled water ; place in pyridine for 
twenty-four hours ; wash in many changes of distilled water for 
twenty-four hours, then place in 2 per cent, silver nitrate and leave 
in the dark for three to five days at 37® C. ; rinse quickly in 
distilled water, and then place in 4 per cent, solution of pyro- 
gallic acid in 5 per cent, formalin for twenty-four to forty-eight 
hours at room temperature ; imbed in paraffin. 

Ranson {Anat Anz,, xlvi, 1914, p, 522) gives a method essentially 
the same as the above, except that he omits the thorough washing in 
distilled water between the pyridine and the silver baths. 

See also Jones (AnaL Ree., Ixv, 1936, p. 247) who tones with gold 
chloride after Ranson’s pyridine silver, and connterstains with azo- 
carmine, 

Foley (Anat. Rec., ixxi, 1938, p. 133), after using the pyridine 
silver technique (Ranson and Davenport, 1931), stains the nuclei by 
Feulgen’s method and the other non -nervous tissue elements with 
Heidenhain’s acidified aniline blue-orange G. mixture in w^hich light 
green or fast green is substituted for aniline blue. 

Da Fano (Ziegler's Beitr., xliv, 1908, p. 495) recommends using 
solutions of silver nitrate and hydroquinone in 1 : 10,000 gelatin in 
order to obtain a deeper and sharper impregnation. 

Kato (Folia neiirobioL, ii, 1908, p. 262) fixes in 10 to 35 per cent, 
formol, and silvers for one to five days at 35® C. in 5 per cent, argentamin 
to which 3 per cent, of silver nitrate has been added in such a way as 
to have an impregnating fluid with a little argentamin in excess ; or . 
argentamin 8 to 10 parts, with 3 per cent, potassium bichromate 30 
parts and distilled water 100 parts. For the reduction he uses 10 j)er 
cent, formol with 1 per cent, hydroquinone. 

Fusateri (see Amato, Virchow's Arch., clxxxv, 1908, p. 547) fixes 
for three to six days at 35® to 38® C. in a mixture of 45 c.c. of tachiol 
(10 per cent, silver fluoride) and 155 of distilled water. 

Besta (Eiv. pat new. menU Firenze, xv, 1910, p.'333) fixes for forty- 




eight hours in alcohol with 5 per cent, nitric acid, neutralised in alcohol 
with ammonia, 

Liesegang {Kolloidchemie Beihefte, in, 1911, H. 1, p. i ; Zlschr, wiss.. 
Mikf.j xxviii, 1912, p. 369) makes sections of formol material by the 
freezing method, and puts them in 1 per cent, silver nitrate in the dark 
for hours or days until yellow. If necessary, increase the strength of the 
silver solution or place the dish in the incubator. Pour off the silver 
solution with the exception of about 2 c.c. ; add equal parts of 50 per 
cent, gum and of a concentrated solution of hydrogen potassium 
sulphide. Wash in distilled water and mount in the usual way in 
balsam. 

Ascoli {BolL Soc. med. cMr., Pavia, 1911, p, 177) recommends for 
the nervous system of Hirudinea the following : The animals cut open 
at the back are stretched on a piece of cork and fixed in a solution 
prepared by dissolving over a flame 5 gr, of pulverised crystals of 
silver nitrate in 100 c.c. of 95 per cent, alcohol. After a few minutes 
the animals may be detached from the cork and put back in the same 
fixative for twenty-four to forty-eight hours in an incubating stove. 
They are then transferred for another twenty -four to forty -eight hours 
into a 10 per cent, watery solution of silver nitrate, to be kept also in 
the incubator. After a quick wash they are reduced for five to eight 
hours in Amidol-Hauff 0-5 gr., sodium sulphite cryst. 10 grm., distilled 
water 100 c.c., and lastly passed into glycerine. Preparations are made 
by teasing, the thinner ones being toned and counterstained as usual. 
For mounting he prefers Apathy’s syrup. 

As suggested by Huber and Guild {AnaL Rec,, vii, 1913, p. 253) the 
results can be improved by a preliminary injection of 95 per cent, 
alcohol, containing 1 per cent, of ammonia, through the arteries till 
tissues are thoroughly saturated, after which they are dissected out and 
placed in a similar ammoniated alcohol solution for from two to three 
days. Huber and Guild have found this method of use for the study of 
cranial nerves of small animals and embryos, since the entire heads can, 
after fixation, be decalcified by means of 7 per cent, nitric acid, brought 
through 80, 90, and 95 per cent, alcohols, each containing 1 per cent, of 
ammonia, and finally treated as above. 

Minckler (Anat. Rec,, Ixxvii, 1940, p. 9) uses the following method 
for showing nerve terminals of the human spinal cord. He fixes sections 
of cord 1‘0 cm. long in 12 per cent, neutral formalin for twelve to 
thirty-six hours, then washes in running water for six to twelve hours 
and places for twenty-four to thirty-six hours in ammoniated alcohol 
(10 drops of concentrated ammonium hydroxide in 100 c.c. of 95 per 
cent, alcohol). He then puts the block for twenty-four to forty-eight 
hours into 1*5 per cent, silver nitrate at 37° C. It is then transferred 
to 2 per cent, pyrogallic acid, where it remains in the dark for twelve 
to twenty-four hours. Finally the block is dehydrated, cleared, im- 
bedded in paraffin and beeswax and sections cut at 10 /a. Best results 
obtained when blocks are coloured tobacco brown (usually less than 
thirty hours). 

C. RECENT METHODS 

1116, Ramon y .Cajal’s (1) Method for Sections of Cortex 
Cerebelli {Trad?, Lab, Invest BioL^ xix, 1921, p. 71). The idea 
of this method appears to have been suggested in part by 
Liesegang’s modification {op, cif,, p. 1057) in part by the prin- 
ciple underlying the Bielschowsky method for sections. Frozen 
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sections from formalin material are collected in water to which 
a few drops of formalin are added. Before carrying out the 
staining they are washed in two changes of distilled water and 
transferred into a bath consisting of 10 c.c. of 2 per cent, silver 
nitrate and 5 to 8 drops of pyridin. They are either left therein 
in the dai-k from twelve to forty-eight hours or {Tmb. Lab, Invest, 
Biol., xxiii, 1925-6, pp. 162-4) warmed over a flame for some 
minutes. When they have assumed a light brown colour they 
are placed for half a minute in 96 per cent, alcohol to which 2 
to 3 drops of 2 per cent, silver nitrate may be added if an intense 
stain is desired. Without washing, the sections are transferred 
into the reducing fluid, consisting of 30 c.c. of formalin, 70 c.c. of 
distilled water and 0*20 to 0*30 grm. of hydroquinone. The 
reduction is complete after one minute, when the sections can 
be washed in distilled water, dehydrated, cleared and mounted 
in balsam. Toning is not, as a rule, necessary; but it can be 
easily carried out by means of a 1 : 300 solution of gold chloride 
followed by fixation in dilute sodium hyposulphite or 1 per cent, 
thiosinamine. If the background is very dark the sections can 
be “ cleared ” before dehydration in per cent, potassium ferri- 
cyanide, followed by a wash in distilled water, and the u'sual 
treatment with sodium hyposulphite. The method can be used 
also for the study of the cerebral cortex where the fine (non- 
medullated) fibres of the grey layers are well impregnated. If it 
is desired to bring into view the axons of the large meduilated 
fibres the sections can, after cutting, be placed for six hours in 
96 per cent, alcohol or in a bath consisting of 4 grm. of iron alum, 
100 c.c. of distilled water and 1 grm. of oxalic acid. A similar 
result can be obtained by adding to the silver-pyridine bath a 
quarter its volume of 96 per cent, alcohol. 

1117. (2) Method for Central and Peripheral Nerve-endings 
{Trab, Lab. Invest, Biol,, xxiii, 1925-6, p. 237). Frozen sections 
(30-40 ju) from formalin material are collected in distilled water, 
washed and transferred for fom* to six hours into an impregnating 
bath consisting of 2 per cent, silver nitrate 10 c.c., pyridine 7 to 
10 drops, 96 per cent, alcohol 5 to 6 c.c. They should assume 
a light brown colour, which can be intensified by placing the dish 
over a flame for a few minutes. The sections are then quickly 
washed (no more than two or three at a time) — in 96 to 98 per 
cent, alcohol, and immediately afterwards reduced in a bath 
consisting of 0*30 grm. of hydroquinone, 70 c.c. of distilled water, 
20 c.c. of formalin, 15 c.c. of acetone. After a few minutes they 
are washed, toned, fixed and mounted in the usual way. 

1118. (3) Method for Pericellular Baskets, Moss and Climbing 
Fibres {ibid,, p. 240). This method can be considered as a simpli- 
fication of the previous one. Frozen sections from formalin 
material are impregnated and reduced at the same time in a 
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bath consistifig of 10 c.c. of 2 per cent, silver nitrate, 10 drops of 
pyridin and 7 to 10 drops of formalin. The sections become 
dark brown in about four to six hours, when they are washed, 
toned, etc., as above. This method is not recommended either 
for the man or rabbit. 

De Castro^ s Modifications, The following formulae have recently 
been suggested by De Casteo {Trav, Lab, Reck, Biol, xxiii, 
1925-26, p. 427) for fixing and decalcifying at the same time. 
Small pieces can be fixed by means of one^ or the other of the 
following mixtures. 


1. Choral hydrate . . . , 

2-5 grm. 

Distilled water 

50 c.c. 

Alcohol (presumably 96 per cent.) 

50 „ 

Nitric acid . . 

3 to 4 c.c. 

2. Urethane (ethylic) . 

1-2 grm. 

Distilled water 

40 c.c. 

Alcohol (presumably 96 per cent.) . 

60 „ 

Nitric acid .... 

3 to 4 c.c. 

3. Somnifene (Hoffmann — La Roche) 

2 to 4 c.c. 

Alcohol (presumably 96 per cent.) 

60 c.c. 

Distilled water 

40 „ 

Nitric acid . . , . 

3 to 4 c.c. 


After one to three days decalcification is complete, particularly 
if the pieces are small and from very young or foetal mammals. 
They are washed in distilled water for twenty-four to thirty-six 
hours to extract the nitric acid and then transferred into alcohol, 
96 per cent, containing 4 to 6 drops of ammonia for every 50 c.c. 
of alcohol. After twenty-four hours they are silvered and reduced 
as by CajaFs method. Some pieces can, after washing, be dehy- 
drated and imbedded either in celloidin or paraffin and the 
sections stained by either the Nissl method or ordinary methods. 

1119. Bielschowsky’s Methods. Introductory. It is well 
known that, if ammonia be poured into a solution of silver 
nitrate, a precipitate is formed which is re-dissolved by the 
addition of some more ammonia. If an alkaline solution of 
formaldehyde be slowly added to this easily reducible diam- 
moniacal silver nitrate (N(NH4) AgH2NO 3), metallic silver is 
immediately precipitated and deposited on the walls of the 
test-tube. Both Fajebstajn {Neurol, Centrbl,, xx, 1901, p. 98) 
and Bielschowsky {ibid,^ xxi, 1902, p. 579) thought of taking 
advantage of this reaction for histological purposes with the 
object of finding out a silver impregnation of the nervous tissue 
similar to that which characterises Golgi’s method. The results 
of their attempts were different : Fajerstajn was able to obtain 
only a difficult method for staining axis-cylinders which is now 
superseded ; Bielschowsky also published^ at first, a complicated 
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silver method for i,mpregnating axis-cylinders very similar to 
that of Fajerstajn, but, through successive modifications of his 
first process, was led to the discovery of a. new method, which is as 
important as CaJaFs reduced silver methods from an histological 
point of view, but is of still greater advantage than the latter 
for liistopathological investigations. Moreover, Bielschowsky’s 
method is applicable to any formol material, even if very old. 
Bayon (Die Untersuchungsmeth, etc.) succeeded with, four-year old 
material, and Da Fanp with brains ’which had been left in formalin 
for more than eleven years. 

There are at present three Bielschowsky methods : one for 
sections, one for peripheral nerve-fibres and axis-cylinders, and 
one for pieces. It seems better to describe them separately in 
the following account which is based on the original papers of 
Bielschowsky, as well as on some personal experience Da Fano 
gained through a visit paid to him when in Berlin. 

1120. BiEiiSCHOwsKY’s Method for Sections (Journ, PsychoL 
Neurol, iii, 1904, p. 169 ; and xii, 1909, p. 135). Pieces from 
central nervous organs, thoroughly fixed in 15 to 20 per cent, 
formalin, are washed for some hours in running tap-water and 
then cut by means of a CO 2 freezing microtome. The sections 
are collected in distilled water, thoroughly ’washed therein and 
passed into a 2 or 3 per cent, solution of silver nitrate where they 
are left for twenty-four hours in a dark place, and at room tempera- 
ture. The sections can also be passed first into pure pyridine 
for twenty four to forty-eight hours, washed in many changes of 
distilled water until the pyridine has been completely eliminated 
and then transferred into 2 or 3 per cent, silver nitrate as above. 

The pyridine bath is optional and has the advantage of ensuring 
a sharper stain of axis-cylinders whilst neuroglia, which is more 
or less coloured when the pyridine bath is dispensed with, remains 
unstained. Also connective tissue and nuclei are generally very 
faintly stained after the pyridine treatment. Intracellular 
neurofibrils, however, Bit mt always m well shown as by the 
direct passage of sections into the silver nitrate solution. 

Before proceeding further, one should prepare the Bielschowsky 
ammoniacal silver nitrate-and-oxide bath as follovrs : Pour 
5 c.c, of a 20 per cent, solution of silver nitrate into a measuring 
cylinder and add to it first 5 drops of a 40 per cent, solution of 
NaOH, and then ammonia, drop by drop, until the brown pre- 
cipitate formed disappears ; dilute to 25 c.c. with distilled water, 
and filter through paper washed with the same water. 

For staining, take sections one by one from the silver nitrate 
bath, quickly wash them in distilled water for not more than 
a few seconds, and transfer them into the ammoniacal silver 
bath. Here they remain for about ten minutes when they become 
yellowish-bro’wn and should be, once more, quickly washed in 




distilled water and placed in 20 per cent, formalin prepared witli 
tap water. The reduction takes place immediately, and if 
one works with a number of sections it is advisable to re- transfer 
them into a fresh bath of 20 per cent, formalin. 

At the end of half an hour and even less, the reduction can 
be considered as accomplished and sections can be washed in 
distilled water and toned with a diluted (0*2 per cent.) solution 
of gold chloride. This may be slightly acidified with acetic 
acid if one wishes to obtain a faintly purple background, or 
neutralised with a few drops of a diluted solution of sodium 
or lithium carbonate if one prefers greyish- white backgrounds. 
Instead of gold chloride one can use a slightly acid solution of 
chloroplatinic acid. After toning there remains only once more 
to wash the sections in distilled water, and to pass them for a 
few minutes into a 5 per cent, solution of sodium hyposulphite, 
or any diluted fixing bath for photographic plates. Wash again, 
dehydrate in alcohols of increasing strength up to 95 per cent., 
clear in carbol-xylol, and mount in balsam. 

For other details about the toning and fixing of sections see the 
original papers of Bielschowsky {op. cit. and Journ. Psychol. Neurol., 
iv, 1904-5, p. 227), as well as Wolff {Biol. Centrbl., xxv, 1905, p. 683), 
and Da Fano {Proc. Physiol. Soc. Journ. Physiol., liii, 1920). 

Bielschowsky states that this method is also suitable for 
sections of celloidin or paraffin blocks of formol material, but 
he does not recommend the practice, and we have no experience 
of it. 

1121. Bielschowsky’s Method for Peripheral Nerve-fibres 
{Journ. Psychol. NeuroLyiv, 1904-05, p. 227). This method can 
be applied to the study of spinal and sympathetic ganglia, peri- 
pheral nerve-endings, and end-organs in normal conditions, but 
its chief applications belong to the domain of histopathoiogy. 
According to our experience good results are rarely obtained and 
the method requires important modifications to become as useful 
as the above and following ones. 

The staining is carried out on sections of formol material in 
the same way as described above. There is only this difference 
that the staining in the ammoniacal silver bath is carried on a few 
minutes longer, viz., until the sections have taken a decidedly 
brown colour, after which they are washed in 10 c.c. of distilled 
water acidified with 5 drops of acetic acid, when they acquire 
(sometimes in a few seconds) a yellowish tinge. They should 
then be immediately trairsferred into the usual 20 per cent, 
solution of formalin. For the toning a neutral gold bath is neces- 
sary ; sections should be left therein until red-violet. In the 
finished preparations axis-cylinders are black, myelin red-violet, 
connective tissue violet or blue-violet. The washing in acidified 
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water and the prolonged toning both answer for the purpose 
of creating a sharp contrast between nerve-fibres and connective 
tissue-fibres, which might otherwise become stained almost as 
black as the axis-cylinders. 

Greenfield has found that counterstaining the sections for from 
10 to 20 seconds in van Gieson’s mixture before mounting serves 
to differentiate as well as to stain the connective tissue-fibres, 
so that they are not so easily confused with the nerve-fibres. 

Bielschowsky has also a method for central nerve-fibres. Sections 
made by freezing from formol material are placed for twenty-four 
hours or longer in a 4 per cent, solution of copper sulphate or 
Weigert’s mordant for neuroglia stain (§ 1187). After washing 
they are placed for a few seconds in the usual ammoniacal silver 
bath and then washed, reduced, toned and fixed as above. The 
preparations are similar to those obtainable by the methods of 
Fajerstajn, Strahuber and Kaplan. 

1122. Bielschowsky’s Method for Pieces {op. cit). Good for 
peripheral nerve-endings and embryonic material, and also for 
small specimens of adult subjects. This method has been described 
by Bielschowsky in various ways, probably because of the difficulty 
of giving fixed rules in a case in which the greatest freedom had 
to be left to histologists to adapt the method to the quality of 
their material and the purpose of their investigations. In what 
follows two forms of the method are described : one without and 
one with pyridine treatment of pieces. 

A. Method for Pieces without Pyridine Treatment Thin slices 
-or small pieces of formol material are washed for some hours, 
first in running tap-water and afterwards in distilled w^ater. 
They are then placed in a 2 per cent, solution of silver nitrate 
for from one to eight days in the dark. The use of an incubator 
at 35° to 37° C. is optional. After a wash in several changes of 
distilled water (to be prolonged for some minutes up to some 
hours according to the length of time during which pieces have 
been kept in the silver bath, and if in an incubator or not) they 
are transferred into an ammoniacal solution of silver nitrate 
prepared as in the method for sections, but diluted up to 100 c.c. 
They are kept therein for from an hour up to six, washed once 
more in distilled water, passed for twelve to twenty-four hours 
into the usual 20 per cent, solution of formalin. Wash, dehydrate 
quickly, imbed, preferably in paraffin, tone sections as described 
above, counterstain, if necessary, mount in balsam. 

B. Method for Pieces with Pyridine Treatment Pieces of 
formol material, up to 1 cm. thick for adult tissue, and up to 
5 cm. long for embryos, are put for two, three or four days into pure 
pyridine, washed for some hours in several changes of distilled 
water and put for three to five days into 3 per cent, silver nitrate 
at 36° C. Wash in distilled water and transfer into the diluted 
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ammoniacal silver bath as above, but leaving pieces therein for 
twenty-four hours. Wash for about two hours in several changes 
of distilled water, reduce in 20 per cent, formalin. The rest as 
above. 

1123. Modifications of Bielschowsky’s Methods. Favorsky 
(Journ. Psychol, Neurol,^ vi, 1906, p. 260) uses 10 per cent, silver 
nitrate for the first silver bath instead of 2 or 3 per cent. 

Paton (Mitth. ZooL Stat. NeapelyXYiii,1907, p, 576) fixes fish embryos 
in 4 per cent, formaldehyde neutralised with carbonate of magnesia. 
For the first silver bath he uses 0*75 to 1 per cent, silver nitrate and 
keeps material therein four days in summer, five to seven in cooler 
weather. To make the ammoniacal silver nitrate-and-oxide bath he 
takes 20 c.c. of 0-75 to 1 per cent, silver nitrate, adds to it 4 drops of 
40 per cent, catistic soda and then ammonia drop by drop in the usual 
way. The embryos are first washed in distilled water, then kept for 
five to fifteen. minutes in 10 c.c. of water acidified with 5 drops of 
acetic acid, washed once more in pure water, and transferred for twelve 
hours into a reducing fluid consisting of 1 per cent, hydroquinone 20 c.c., 
neutralised formalin 2 c.c. After imbedding in paraffin, the sections are 
toned as usual and counterstained with 1 per cent, eosin in absolute 
alcohol. 

ScHUTz (Neurol, Centrhl., xxvii., 1908, p. 909) finds that the times 
given by Bielschowsky are too short and washes sections for twenty- 
four hours after the 2 per cent, silver nitrate bath, leaves them thirty 
to forty minutes in the ammoniacal silver bath, and twenty-four hours 
in the 20 per cent, formalin. For toning he puts them for ten minutes 
into 10 c.c. of water with 2 drops of acetic acid, then for thirty to forty- 
five minutes into 10 c.c. of water with 3 drops of a 1 per cent, gold 
chloride solution (until blackish-grey). 

Boeke (Anat, Anz., xxxv, 1910, p. 198) has obtained excellent results 
by the use of Bielschowsky’s method for pieces when applied to the 
study of peripheral nerve-endings. He fixes in 10 per cent, formalin 
prepared with 60 per cent, alcohol, changes the fluid two or three times, 
and then either leaves material therein until wanted or keeps it in 70 
to 80 per cent, alcohol. For staining pieces are brought into 10 to 12 
per cent, formalin, and left in it until they are quite free from alcohol. 

After washing, place in 2 per cent, silver nitrate for three to five days 
in the dark. Wash in distilled water rapidly, and place in Bielschowsky’s 
silver oxide solution for one to two hours in the dark. Wash rapidly 
and reduce in 20 per cent, formalin. Imbed blocks in paraffin and cut 
sections. 

Boeke finds that the method succeeds also after other kinds of 
fixation. 

{Ztschr, wisB, Mikr,^ xxvii, 1910, p, 22) makes the 
ammoniacal silver nitrate-and-oxide bath by adding to any silver 
nitrate solution, 40 per cent, caustic soda, drop by drop, until no more 
precipitate is formed. He then washes the precipitate by repeated 
decantation, until the wash-water no longer gives an alkaline reaction, 
takes it up with the smallest possible quantity of ammonia, and filters 
through glass-wool. This concentrated solution keeps for many days 
unaltered, and should be diluted ten times its volume before using it. 

Deikun (Ztschr, wiss, Mikr,^ xliii, 1926, p. 380) gives the following 
directions for making up Bielschowsliy’s silver solution. All glassware 
must be thoroughly cleaned, and finally washed with distilled water. 
The solution must be freshly prepared at the moment of use ; 2 c.c. of 
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a 10 per cent, solution of AgNOg are poured into a test-tube, and 1 drop 
of 40 per cent. XaOH added to it. Shake gently and wait for the 
precipitate to fall to the bottom of the tube ; add another drop of 40 
per cent. NaOH, shake and again let the precipitate fall to the bottom. 
Repeat the operation a third and a fourth time till no precipitate is 
formed on adding NaOH. The supernatant clear fluid is now pipetted 
off and the precipitate washed with 100 to 150 c.c. of distilled water. 
Continue washing until the wash water no longer reddens phenol- 
phthalein. Pipette off the wash-water and add ammonia drop by drop 
to the precipitate till it is almost but not entirely dissolved. After the 
addition of 4 c.c. of distilled water the fluid is ready for use. 

Del. Rio-Hortega Lab, Invest BioL^ Madrid, xiv, 1916, 

p. 181) has made known a similar method used in those laboratories 
for preparing the ammoniacal silver nitrate bath. Forty drops of 40 
per cent, caustic soda are added to 30 c.c. of 10 per cent, silver nitrate, 
and the precipitate washed ten to twelve times by means of about a 
litre of distilled water. Fifty cubic centimetres of water are then added 
to it, and ammonia, drop by drop, until the precipitate is dissolved. 
The solution, brought finally to 150 c.c. and filtered into a dark brown 
bottle, keeps well for many months. I find that the ammoniacal silver 
bath thus prepared can be further diluted with one, two, up to five 
times its volume of water, and usefully employed for Bielschowsky’s 
method for pieces, particularly for the study of peripheral nerve- 
endings. 

Agduhr (Ztschr. wiss. Mikr,, xxxiv, 1917, pp. 1-99), who has 
exhaustively investigated almost all questions relating to the results 
obtainable by Bielschowsky’s method for pieces, has come to the con- 
clusion that material is best fixed in neutral or slightly acid 20 per cent. 
formaldehyde (50 per cent, formalin). Pieces should then be washed in 
distilled water for many days until the wash-water is free from sub- 
stances reducible by an ammoniacal silver nitrate solution used as test. 
For the first silver bath he uses B per cent, silver nitrate, and for the 
second a solution obtained by adding to 10 c.c. of 10 per cent, silver 
nitrate, first 20 drops of 25 per cent. NaOH, then from 200 up to 600 c.c. 
of distilled water, and lastly ammonia enough to dissolve the precipi- 
tate. For the reduction he uses again 20 per cent, formaldehyde. To 
avoid an excessive impregnation of the connective tissue he also finds 
it useful to wash pieces in acidified distilled water (see the Bielschowsky’s 
method for peripheral nerve-fibres), but he uses as much as five times 
the amount suggested by Bielschowsky. 

1124. Da Fano’s Modifications. In this series of modifications 
of Bielschowsky’s method it is important that the distilled water 
should be pure and free from any trace of organic matter. 

Da Fano’s first modification {Mod, 1) {Atti, Soc, Lamb. Sc, 
Med, Milano, iii, 1914) was meant for the study of reticular 
tissue of spleen, lymph glands, and other organs, and is to be 
carried out as follows : (1) Fix small pieces of fresh tissue in 
10 to 20 per cent, formalin or in Kayserling’s first fluid (forty- 
eight hours at least), or in Orth’s fluid (twenty-four to forty- 
eight hours). (2) Wash pieces in running tap-water for twenty- 
four to thirty hours, and then in distilled water for another 
twenty-four hours. (3) Wash sections made by the freezing 
method in re-distilled water (twenty-four hours), and then place 
them in filtered 2 per cent, silver nitrate (prepared with re- 
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distilled water) in a Petri dish, taking care that they do not touch 
each other. Here they are kept in the dark and at room tempera- 
ture from six hours to three days. (4) Treat sections for twenty 
to thirty minutes with Bielschowsky’s ammoniacal silver nitrate 
solution prepared with only 2 drops of 40 per cent, caustic soda 
and diluted with re-distilled water to 40 to 70 c.c. (5) Reduce, 
tone, counterstain, and mount as by Bielschowsky’s method for 
sections. 

Mod. 2 {Froc. Physiol. Soc. Journ. Physiol, lii, 1919) consists 
in an application to nervous tissues of Mod. 1. The use of 
re-distilled water and the mode of preparing the ammoniacal 
silver bath are the same, but Da Fano lays stress on the following 
points: (1) Nervous tissue must be fixed in 10 up to 20 per 
cent, formalin for at least three weeks, better still for two months. 
Attempts to obtain a rapid fixation with 10 to 20 per cent, formalin 
at 87° C. gave bad results. (2) Sections of nervous tissues may 
be placed, after washing in re-distilled water, in anhydrous 
pyridine (six to twelve hours), then repeatedly washed and left 
overnight in re-distilled water, to get rid of ail pyridine. This 
treatment appears to render neurofibrils a little thinner and, 
consequently, a little sharper, but increases the length and cost 
of the method, and may cause precipitates to form, especially 
where much myelin is present. (3) It is possible to keep sections, 
which cannot be stained immediately, for some days or even a 
fortnight, in re-distilled water to which a few drops of formalin 
have been added. Thorough washing with re-distilled water 
is then imperative before they are transferred into the 2 per 
cent, silver nitrate solution. (4) Sections of nervous tissues must 
not remain in the 2 per cent, silver nitrate more than forty- 
eight hours, or precipitates may form. The longer their stay 
there, the longer must be the washing before staining ; this, 
however, must not, as a rule, exceed five minutes. (5) The volume 
to which the ammoniacal silver nitrate is diluted should be 
35 to 45 c.c., and the sections remain in it fifteen to twenty 
minutes. The subsequent washing before transferring the sections 
into 20 per cent, formalin should not occupy more than ten to fifteen 
seconds, and their stay in the final formalin solution (especially 
for cerebral cortex) should not exceed two to three hours. 

The other eight Da Fano modifications (Pror. Physiol Soc., 
Journ. Physiol, liii, 1919-20), were all proposed for the study 
of cortex cerebelli, and are characterised by a special treatment 
of the sections (cut by freezing method) with various reagents 
before transferring them into the 2 per cent, silver nitrate solution, 
nothing having been changed, however, in regard to the long 
fixation of material in formalin and the use of re-distilled water. 
They may be summarised as follows : — 

Mod. 3. Place sections, after washing in re-distilled water, in 
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2 to 3 per cent, silver nitrate at SO"" to 37® C. for about twenty- 
four hours ; wash quickly ; stain in ammoniacal silver nitrate 
solution diluted to 40 c.c. for thirty minutes. Wash, reduce, 
tone, and mount as usual. 

Mod. 4. Place sections in 50 per cent, pyridine for six to 
eighteen hours ; wash in re-distilled water for twenty-four to 
forty-eight hours ; 2 per cent, silver nitrate at 37® C. for twenty- 
four hours, etc., as in Mod. 3, 

Mod. 5. Place sections in pure pyridine for four to twelve 
hours. Wash in re-distilled water overnight. Transfer sections 
into 20 per cent, formalin prepared with re-distilled water for 
about tw’enty-four hours. Wash again in redistilled water over- 
night ; 2 per cent, silver nitrate at 37® C., etc., as before. 

Mod. 6 . Sections are treated first with 20 per cent, formalin, 
and then with pure pyridine, in the reverse order of Mod. 5. 

Mods. 7 and 8. The same as Mods. 5 and 6, but replacing the 
pyridine with a mixture of 3 parts of methyl alcohol and 2 parts 
of water. 

Mod. 9. Place sections in a mixture of equal parts of 20 per 
cent, formalin and methyl alcohol for twenty-four hours ; wash 
in re-distilled water for six to twenty-four hours ; 2 per cent, 
silver nitrate at 37° C. for twenty-four hours, etc., as before. 

3lod. 10. Place sections into 20 per cent, formalin for twenty- 
four hours, transfer them, without washing, into a mixture of 
equal parts of 20 per cent formalin and methyl alcohol, etc., as 
in Mod. 0. 

Mod. 3 is particularly suitable for human material of young 
individuals : Mod. 4 for adult subjects. Mods. 5 and 6 are useful 
for the study of neurofibrils in the various elements of th ecortex 
cerebelli and for the staining of the granules. Mods. 7, 8 and 9 
are to be preferred for the demonstration of pericellular baskets 
and nervous processes. Mod. 10 gives very complete stainings, and 
is the most certain of all ; preparations are, however, fairly dark 
and, therefore, more suitable for general view. 

1125. Geos’ Method (see Romeis, Taschenbuch der mikros- 
kopischen Technik,” 12 auf. 1928 ; R. Oldeebourg, Munchen u. 
Berlin) is valuable, as by it staining of the connective tissue 
fibres can be avoided. Denny-Brown, w^ho has modified this 
method for use on celloidin material,, recommends the following 
technique : Celloidin sections up to 50 ja in thickness are placed 
in distilled water for half to one hour to remove all traces of 
alcohol. They are then transferred to 20 per cent, silver nitrate 
for one hour in the dark. Frozen sections are first treated with 
pure pyridine or with alcohol for twenty-four hours in order to 
prevent staining of the myelin sheaths and then washed for two 
to three hours in distilled water until there is no odour of pyridine. 
In celloidin imbedding passage though absolute alcohol suffices 
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to overcome this disadvantage, but if desired the material may 
be treated with pyridine before imbedding. Sections are trans- 
ferred from the silver bath, without washing, to a 20 per cent, 
solution of formalin neutralised with magnesium carbonate and 
are left there until no further white cloud appears, the solution 
being renewed two or three times. The reducing solution is 
prepared by adding strong ammonia drop by drop to 5 to 15 c.c. 
of 20 per cent, solution of silver nitrate until the precipitate 
which forms just disappears and then adding 1 small drop of 
ammonia for each cubic centimetre of silver taken. The sections 
are washed quickly in distilled water before this bath, but if the 
material proves difficult to stain, try transferring a section or two 
without washing. The reduction must be controlled under the 
low power of the microscope, the reducing bath being poured 
into a small Petri dish or watch-glass for the purpose. If nuclei 
and connective tissue begin to stain first, or before the axis 
cylinders are fully stained, add a drop of ammonia to the reducing 
bath. If no axis cylinders stain after ten minutes, add one drop 
of 20 per cent, formol to the bath. Sections must be kept fully 
immersed as evaporation of ammonia may cause overstaining 
of any part of the section which comes to the surface. After 
staining, the sections are placed in a 20 per cent, solution of 
ammonia for at least a minute (five minutes for thick sections). 
They are then transferred to 1 per cent, acetic acid for the same 
length of time and subsequently toned in 0*2 per cent, gold chloride, 
fixed in hyposulphite and washed in distilled water. They may 
be counterstained with van Gieson for a few seconds or with 
I per cent, thionin or toluidin for a minute. They may also be 
counterstained with both iron hsematoxylin and van Gieson if 
desired. 

1126. Glees (Journ, Neuropath, and Eosp. Neurol.^ v, 1946, 
p. 54) describes a valuable method for studying terminal degenera- 
tion within the central nervous system. He fixes material in 
10 per cent, formalin for five days or up to six months and cuts 
frozen sections at 15 to 20 ja. Sections are placed for twelve 
hours in 50 per cent, alcohol to which concentrated ammonia has 
been added (6 drops of ammonia to 50 c.c. of alcohol) at 30® C.. 
and are then washed in distilled water. They are next placed for 
• twelve hours in 10 per cent, silver nitrate solution at room tempera- 
ture, passed through three washes of 10 per cent, formalin in 
tap water and placed for thirty seconds in an ammoniacal silver 
bath (3 parts of 20 per cent, silver nitrate ; 2 parts of 96 per cent, 
alcohol ; add concentrated ammonia until the brown precipitate 
first formed has redissolved and then add another 5 drops of 
ammonia). Sections are next placed for thirty to sixty seconds 
in 10 per cent, formalin where they are stained a deep brown, 
washed briefly in distilled water, placed for ten seconds imlO per 
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cent, hypo., washed several times in distilled water and mounted 
via alcohol and creosote. For ceiloidin sections Glees omits the 
ammonia-alcohol bath, merely washing sections in distilled water 
for half an hour, and then transfers them to a bath of equal parts 
of 10 per cent, silver nitrate and 96 per cent, alcohol for twelve 
hours. Subsequent treatment is as for frozen sections except 
that a 50 per cent, alcohol bath precedes the 10 per cent. hypo, 
bath. We have found that this last modification can be successfully 
applied to paraffin sections. 

1127. Neurofibrils ; Other Methods. Cox’s Method for fibrils of 
spinal ganglion cells ; see Ztschr. wiss. Mikr.t xiii, 1896, p. 498, and 
Anat Hefte^ x, 1898, p. 98 S. Meyer’s Berlin bine, see Anat Anz., 
XX, 1902, p. 535. 

Lugaro’s collargol (colloidal silver) method, see Monit. ZooL Ital., 
XV, 1904, p. 353, Joris’ colloidal gold method has not been received 
with favour ; see Bull, R, Acad, Med. Belg., xviii (S. iv), 1904, p. 293. 

Davenport (Arch. Neurol, and PsychiaU, xxiv, 1930, p. 690) coats 
ceiloidin sections from spirit with 2 per cent, ceiloidin after mounting 
them on albuminised slides and then puts them into 80 per cent, alcohol 
for a few minutes before placing the slides in a silver bath prepared by 
dissolving 10 grm. of silver nitrate in 10 c.c. of distilled water, adding 
90 c.c, of 95 per cent, alcohol and 5 to 7 drops of approximately normal 
nitric acid to each 50 c.c. of silver solution. The slides are left in the 
silver bath until the sections are light yellow in colour (usually over- 
night). They are rinsed quickly in absolute alcohol and reduced in 
pyrogallic acid, 5 grm. ; neutral formalin, 5 c.c. ; 95 per cent, alcohol, 
100 c.c. ; 50 per cent, commercial dextrin, 5 drops. Development 
usually takes about two minutes, and if the developer be kept turbid 
by the addition of a few drops of the dextrin from time to time many 
sections can be reduced without renewal of the developer. The slides 
are then passed through two or three changes of 95 per cent, alcohol, 
absolute alcohol and ether, xylol and mounted in balsam. Clearing of 
the background may be effected with acid sodium hyposulphite, and if 
desired, sections may be toned with gold chloride. 

Kernohan (Trans. Amer. Micros. Soc,, xlix, 1930, p. 58) cuts frozen, 
paraffin or ceiloidin sections at 6-15 and after washing thoroughly 
in distilled water immerses them for an hour in 20 per cent, silver 
nitrate. The sections are washed quickly twice and transferred to a 
solution prepared by adding ammonia drop by drop to 10 c.c. of 20 per 
cent, silver nitrate until the precipitate is almost dissolved. Excess of 
ammonia is to be avoided and the solution is filtered before use. Sec- 
tions stay in the silver bath from one to four minutes and are washed 
rapidly before reduction in 10 per cent, neutral formalin. It is often 
advisable to remove ceiloidin from ceiloidin imbedded material before 
impregnating with silver. 

Trelles (Rev. Neurol., i, 1932, p. 459) uses a similar method with 
ceiloidin sections ; and Reumont (Rev. Neurot, ii, 1931, p. 53) stains 
frozen sections similarly after a bath of nicotinised alcohol. 

See also Schultze and Stohr (Anat. Anzeiger, liv, 1921, p. 529) and 
Loughlin (Arch. Neurol, and Psychiat., xxxiii, 1935, p. 616). 

METHODS FOR PARAFFIN SECTIONS 

1128. One of the most notable advances in I'eeent years in 
methods for the demonstration of nerve fibres and neurofibrils 
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has been the improvement of techniques for their impregnation 
with silver in paraffin sections. Thanks to these methods the 
demonstration of nerve fibres in paraffin sections has become a 
routine procedure in pathological and histological laboratories. 
They are particularly valuable in cases where serial sections are 
required, although the results do not as yet attain the peifection 
seen with frozen sections. 

The theoretical bases of these methods are discussed by Silver 
{Anal, Bee., Ixxxii, 1942, p. 507), and Holmes (Anat. Bee., Ixxxvi, 
1943, p. 157). 

1129. Roger {Anat. Bee., xlix, 1931, p. 81) devised a method 
for the silver impregnation of nerve fibres in paraffin sections 
which was slightly modified by Foot {Amer. Journ. Path., viii, 
1932, p. 769) as follows : Fix in neutral formalin; imbed in paraffin, 
cut sections, mount on slides and remove paraffin in the usual 
way. Place slides in 95 per cent, alcohol with 2 per cent, ammonia 
for twelve hours or longer ; rinse quickly in 80 per cent, alcohol ; 
transfer to 40 per cent, aqueous silver nitrate at 37 ° C. for twenty 
minutes (this silver solution may be used repeatedly), and rinse 
in distilled water. Flood with 20 per cent, neutral formalin for 
five minutes ; transfer to 5 per cent, formalin ; blot slide and 
drop on diammoniacal silver solution from drop bottle, and 
leave for about one minute. (Diammoniacal silver : add ammonia 
fort, to 20 c.c. of 20 percent. AgNOg, shaking, until precipitate is 
just dissolved. Then add a further 10 drops of ammonia and 
20 c.c. of distilled water.) Blot and place in 20 per cent, 
formalin for five minutes or until a rusty orange. Wash in dis- 
tilled water, tone in gold chloride (1 in 300) for fifteen minutes, 
wash, fix in hypo : dehydrate, clear and mount in Canada balsam. 

1130. Bodian’s Protargol Method [Anat. Bee., Ixv, 1936, 
p. 89) is probably the most widely used method for demon 
strating nerve processes and nerve endings in paraffin sections 
The best results are obtained after fixation by perfusion with 
80 per cent, alcohol but formalin fixed material can be satis- 
factorily impregnated if immersed for twenty-four hours in a 
4 per cent, solution of ammonium hydroxide in alcohol (95 per 
cent.) before being placed in the protargol solution. After fixation 
the tissue is. imbedded in paraffin, sectioned and mounted on 
slides. The paraffin is removed with xylol and the sections are 
then passed through the alcohols to distilled water in the usual 
way. The sections are placed in a solution of 1 per cent, protargol 
containing 4 to 6 grm. of metallic copper per 100 c.c. of solution, 
where they are left for twelve to forty-eight hours at 37° C. (the 
protargol should be used only once). The sections are then 
washed in distilled water ; reduced by being placed for ten 
minutes in a solution of 1 grm. hydroquinone, 5 grm. sodium 
sulphite in 100 c.c. of distilled water ; washed in distilled water 
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and toned in 1 per cent, gold chloride for five to ten minutes. 
The sections are washed in distilled water, and if necessary 
intensified in 2 per cent, oxalic acid until light purple in colour. 
The residual silver is removed in a bath of 5 per cent, thiosulphate 
(hypo), and the sections are given a final wash, dehydrated and 
mounted. 

It has been found by most workers that the only protargol 
which gives satisfactory results is the silver albumose made by 
the Winthrop Chemical Co., N.Y. 

For a discussion of the role of various fixatives and slight 
modifications of the method to meet special needs, see Bodian 
(Anat, Eec,, ixix, 1987, p. 153). 

If there is difficulty in obtaining the brand of protargol 
necessary for this method, we recommend Holmes’ method, 
§ 1138. 

See also Davenport and Kline {Stain Tech.^ xiii, 1938, p. 147); 
Davenport, McArthur and Bruesch {Stain Tech., xiv^ 1939, p. 21) ; 
Bank and Davenport {Stain Tech., xv, 1940, p. 9) ; and MacFarland 
and Davenport (Stain Tech., xvi, 1941, p. 53); Foley {Stain Tech., 
xviii, 1943, p. 27), describes a protargol method for staining nerve 
fibres in frozen or celloidin sections. 

1131. Silver {Stain Tech., xvii, 1942, p. 123) describes a rapid 
silver-on-the-slide method for staining nervous tissue. 

Ungewitter {Stain Tech., xviii, 1943, p. 183) describes a method, 
for paraffin sections as follows : Paraffin sections of tissue fixed in 
chloral hydrate are taken down to water and placed in a 1 per cent, 
aqueous protargol (Winthrop) containing 5 to 6 grm. metallic copper 
for twelve to twenty-four hours. They are rinsed in distilled water, 
and reduced for five to ten minutes in the following solution : 0*2 grm. 
Elon (Kodak) ; 10 grm. desiccated NagSO;, ; 0*5 grm. hydroquinone ; 
0-1 grm. sodium borate; 100 c.c. distilled water. The sections are 
then washed thoroughly in distilled water and placed in 1 per cent, 
aqueous silver nitrate for ten to twenty minutes at 28° to 50° C. After 
a rinse in distilled water they are reduced in the Elon-hydroquinone 
solution. They are thoroughly washed and examined under the micro- 
scope. If too pale they are treated again in the silver nitrate bath. 
They are then dehydrated, cleared and mounted. 

1132. Romanes {Journ. Anal. Land., Ixxx, 1946, p. 205) has another 
method for silver impregnation of paraffin sections. Fix tissues in 
formalin, imbed in paraffin, section and mount on slides. Bring 
sections down to water and place them for four to twenty-four hours at 
58° C. in the impregnating fluid which is prepared as follows : add 
dilute ammonia to a solution of 1 grm. silver nitrate in 20 c.c. 
distilled water until precipitate is dissolved and then dilute to 1000 c.c. 
with distilled water. To 30 c.c. of this solution add 10 c.c. of 1 per cent, 
gelatine (slightly warmed), 0*8 c.c. of 0*5 per cent, tannic acid in dis- 
tilled water and 0*3 c.c. of pure pyridine, stirring all the time. (This 
solution may be used only once.) After impregnation rinse rapidly 
and reduce for five minutes in the following solution : 1 grm. pyrogallol, 
1 grm. hydroquinone, 10 grm. sodium sulphite crystals, 100 c.c. dis- 
tilled water. Wash well and if necessary repeat preceding stage to 
obtain more intense impregnation. Transfer to 0*3 per cent, gold 
chloride in 2 per cent, glacial acetic acid for five minutes. Rinse in 
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distilled water and place for ten to fifteen minutes in 2 per cent, oxalic 
in 1 per cent, formalin. Wash well and fix in 5 per cent. hypo, for 
five minutes, wash, dehydrate, clear and cover. 

For cerebral cortex 10 per cent, chloral hydrate should be added to 
the formalin for fixation. 

1133. Holmes (in Dyke, Eecent Advances in Clinical Pathology, 
London, 1947) uses the following method for impregnating nerve fibres 
in paraffin sections. Fix in formalin, Bouin or Carnoy’s fluid, and 
imbed in paraffin, section and mount on slides in the ordinary way. 
Take down to distilled water and place in 20 per cent, aqueous silver 
nitrate in the dark at room temperature for one hour (or up to two 
hours). This solution may be used repeatedly as long as there is no 
black deposit of silver. Wash for ten minutes in three changes of 
distilled water. Place in impregnating solution (which should be used 
only once), in a covered vessel and leave at 37 ° C. for about twenty-four 
hours. This solution is made up as follows ; take 55 c.c. of boric acid 
buffer solution (12-4 grm. boric acid in 1000 c.c. distilled water) and 
45 c.c. of a borax buffer solution (19-0 grm. borax in 1000 c.c. distilled 
water). Mix in a 500 c.c. measuring glass and dilute to 494 c.c. with 
distilled water. Add 1 c.c, of 1 per cent, aqueous silver nitrate and 
5 c.c. of 10 per cent, aqueous solution of pure pyridine. After impreg- 
nation reduce for not less than two minutes in the following solution : 
1 grm. hydroquinone, 10 grm. sodium sulphite crystals, 100 c.c. dis- 
tilled water. Wash in running tap water for three minutes and rinse 
in distilled water. Tone in 0-2 per cent, aqueous gold chloride for 
three minutes, rinse in distilled water and place in 2 per cent, aqueous 
oxalic acid for three to ten minutes, until axons are seen under the 
microscope to be satisfactorily black. Rinse in distilled water and 
transfer to 5 per cent, solution of hypo, for five minutes. Wash, dehy- 
drate and mount. Variations in silver and pyridine concentrations 
may be of value. 

This method has also been successfully used with cerebral tissue. 


CHAPTER XLI^ 


AXIS-CYLINDER AND DENDRITE STAINS (GOLGI AND 

OTHERS) 

1134. Introduction. There are three chief methods for the 
anatomical (§ 1082) study of axis-cylinders and nerve-cell 
processes, viz., the methylene blue intra-vitam method, the 
bichromate and nitrate of silver, and the bichromate and sub- 
limate methods of Golgi. The methylene blue method has already 
been described in Chapter XVI. (§§ 370 et seq,), and only a few 
points remain to be dealt with here. These, together with some 
other methods suitable for similar purposes, will be given at the 
end of this chapter, the principal object of which is the description 
of the Golgi methods. 

1135. The Methods of Golgi. There are two methods of 
Golgi, viz., the Bichromate and Nitrate of Silver Method and the 
Corrosive Sublimate Method. 

The bichromate and nitrate of silver method has been worked 
out by Golgi in three forms — ^the slow process, the rapid process, 
and the mixed process. 

The rapid process is the one mostly used at the present time 
and it may be regarded as the classical method of inquiry into 
the general morphology and distribution of nerve-cells and their 
processes in hardened tissues. One must, however, remember 
that extremely delicate results may be obtained by both the 
mixed process and the corrosive sublimate method, and that 
use should be made of them also, particularly for the study of the 
finer relations of the nervous elements. 

General Characters of the Impregnatio7u The preparations have 
not in the least the appearance of the usual stains, and are even 
very different in aspect from those obtained by the ordinary 
methods of impregnating with silver or gold. The impregnation 
is a partial one, by which is meant that of all the elements, whether 
nervous or not, that are present in a preparation, only some are 
coloured. This is one of the great advantages of the method, for, 
if all the elements present were coloured equally, one would 
hardly be able to follow any one of them for more than a very 
short distance, Golgi’s method selects from among the elements 
present a small number which it stains with great intensity and 
very completely ; that is to say, they are very clearly separated 
throughout a great distance from those elements which have 
remained uncoloured. 

♦ Revised and in great part re-written by C, D. ¥. 
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Axis-cylinders are generally impregnated only as long as they 
are non-mednllated. In the adult the method stains nerve-cells 
and their processes so far as these are not myelinated ; but if it 
be wished to impregnate throughout a great length the axis- 
cylinders, the arborisations and collaterals, the method is best 
applied to embryos or new-born animals, at a time when nerve- 
fibres have not yet become surrounded by their myelin sheath. 

Nervous tissue is not the only thing that is impregnated in 
these preparations : neuroglia, connective tissue, fibrils, etc., 
also become stained, and the method has been applied with 
success to the study of bile capillaries, gland ducts, and the like. 
Both on account of this peculiarity and of the fact that the 
impregnation may be limited sometimes to certain elements, 
sometimes to others, care should be exercised in the interpretation 
of the results obtained. A further source of possible error is 
found in the formation of precipitates which may, up to a point, 
simulate dendrites and other structures. 

The Golgi methods have been applied with success, also, to 
tissues of invertebrates — insects, Lumhricus, Tubifex, Helix, 
Limax, Eistomum, Astacus, Actinida, etc. 

The methods have been described at length by Golgi in Riv, Sperim. 
Freniatr. 1, 1875 ; Arch. p. le Sc, Med., iii, 1878 ; Arch. Ital. Biol, vii, 
1886, pp. 15 et seq. ; Opera Omnia, Milano, I and II, 1903, and many 
other publications. A valuable account of the rapid process has been 
given by v. Lenhoss:6k in his Feinere Bau d. Nervemysteim, 2ad ed., 
1895, and of both Golgi’s methods and their modifications by Kallius 
in the art. “ Golgische Methode,'"'’ in the Enzyk. d. mik. Technik 1, 1910. 

1136. Golgi’s Bichromate and Nitrate of Silver Method. Slow 
Process, (a) The Hardening. The tissues must be hardened 
in a bichromate solution. Either pure potassium bichromate 
may be employed or Muller’s fluid. (The reaction can be obtained 
with Erlicki’s fluid, but this is not to be recommended.) The 
normal practice is to use potassium bichromate, beginning with a 
strength of 2 per cent, and changing this frequently for fresh 
solutions of gradually increasing strength — 3, 4, and 5 per 
cent. The tissue should be as fresh as possible, though satis- 
factory results may sometimes be obtained from human material 
collected at the P.M. table even twenty-four to forty-eight hours 
after death. It should he divided into pieces of not more than 1 cm. 
or IJ cm. in size. 

The most difficult point of the method consists in finding out 
the exact degree of hardening, after which the material can be 
successfully submitted to the further treatment. In summer 
good results may be obtained after fifteen to twenty days of 
hardening, and the material may continue to be in a state suit- 
able for the silver impregnation up to thirty, forty or fifty days. 
In cold weather good results can seldom be obtained under a 
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month; when this is the case, the material may continue to 
give good impregnations for two, three or even four months. 
The only way to make sure is to pass, at intervals, trial portions 
of the tissue into the silver nitrate solution — in summer frequently, 
in winter every eight or ten days — and observe whether and 
when the reaction has been obtained. 

It is a good practice to inject the organs (see § 1083) with the 
hardening fluid, generally 2*5 per cent, potassium bichromate, 
to w'hich, according to Golgi, 5 to 6 per cent, of gelatine may 
be added, in which case, however, the fluid must be injected after 
warming it to body temperature. Stoving at a temperature of 
20*^ to 25° C. is useful for abridging the hardening, but there is a 
risk of over-hardening ; and Golgi thinks that the results are 
never quite so delicate as after hardening at room temperature. 

{h) Impregnation. As soon as the pieces of tissue have attained 
the proper degree of hardening, they are brought into a large 
quantity of silver nitrate solution, the usual strength of which is 
0*75 per cent., but 0*50 per cent, may be used for material which 
has not been quite enough hardened, and 1 per cent, for material 
that has been slightly over-hardened. 

The moment the pieces are put into the silver bath an abundant 
precipitate is formed. This, of course, weakens the bath pro 
tanto. It is, therefore, advisable first to wash them well in a 
weaker silver solution until, on being put into a fresh quantity 
of it, no further precipitate is formed. Used solutions will do 
for this purpose. The final silver bath needs, generally, no further 
attention, but it should be changed for a fresh one if it becomes 
yellowish, as it sometimes does, particularly in the case of tissues 
which have taken up a great deal of bichromate. 

It is not necessary to keep the material in the dark during the 
impregnation ; in winter it is well to keep it in a warmed room. 
The time generally necessary for the impregnation is from twenty- 
four to forty-eight hours; but tissues may remain in the bath 
without hurt for days, weeks or months. 

{<?) Preservation. As soon as a trial has shown that a sufflciently 
satisfactory impregnation has been obtained, the pieces are 
brought into 80 to 90 per cent, alcohol. The alcohol is changed 
two, three or more times, until it remains transparent, even 
after specimens have been two or three days in it ; for, in view 
of good preservation, it is necessary that the excess of silver 
nitrate should be washed out from them thoroughly. 

Sections are now made (see § 1148). These are to be washed 
thoroughly in three or four changes of absolute alcohol and 
cleared, first in creosote, in which they should remain only a few 
minutes, then in oil of turpentine, in which they are usually left 
for three to fifteen minutes, though they may be kept in it even 
for some days without being spoiled. They are then mounted 
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in thick xylol-damar (rather than in balsam), without coverslip. 
Preparations mounted with coverslips in the usual way always 
go bad sooner or later, whilst those mounted without a cover 
keep well for years, especially if they are protected from dust and 
light. 

Instead of cresote and oil of turpentine, fluid cedar- wood oil 
is now used in Golgi’s laboratory for clearing the sections, which 
are then mounted, without cover, in thick cedar- wood oil. But 
care must be taken to leave the sections in fluid cedar- wood oil 
no longer than one hour or so, as otherwise they become brittle 
and diflicult to mount. To make sure of complete dehydration 
and that no curling of the sections should take place in the fluid 
cedar-wood oil, they are quickly passed through liquid absolute 
guaiacol, the whole procedure being carried out as follows: A 
small quantity of absolute guaiacol is poured in a watch-glass and 
some fluid cedar- wood oil in two other small glass dishes. Two 
or three sections are carried from the absolute alcohol into the 
guaiacol by means of a perforated spatula, which is to be used for 
all the other passages, and cleaned at every passage. After a 
few seconds the sections are transferred into the first dish of fluid 
cedar- wood oil and there left for the time necessary to pass 
another two or three sections from the absolute alcohol into the 
guaiacol. The first batch of sections is now transferred into the 
second dish of cedar- wood oil, the second batch into the first 
cedar-wood oil and a fresh batch into guaiacol, and so on until all 
sections are collected in the second dish of cedar- W'ood oil. 

For mounting the sections are lifted, one by one, by means 
of the same small spatula, and arranged in the order and number 
one may wish, either on ordinary slides, or on coverslips if the 
Golgi hollowed-out wooden slides are preferred for definite pre- 
servation. The excess of cedar-wood oil carried with the spatula 
is removed by covering the sections, after having definitely 
arranged them on the slides, first with a sheath of cigarette paper 
and then with a folded piece of filter paper, to be held by the 
left hand while the right is passed over it so as to press down the 
sections and absorb the oil. The whole manoeuvre may be 
repeated a second time, and then a drop of thick cedar- wood oil 
put on each section. On the next day the oil which may have 
run from the sections is cleaned from the edges of the slides and a 
fresh drop of the thick cedar- wood oil put on the sections, to be 
protected from dust and light at least until the oil has become 
quite dry. Preparations mounted in this way last for years 
unaltered. I have no experience of the use of cresote or of the 
mixture, originally proposed by Andriezen, of equal parts of 
pyridine and xylol instead of the guaiacol, but they should equally 
well serve the purpose. 

As a general rule one makes sections of 20 to 40 p ; thicker 
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sections of 50 to 60 ft, or more, show more than thin ones but do 
not seem to keep so well. 

The order in which the elements of nervous tissues impregnate 
is generally — ^first, axis-cylinders, then nerve-cells, and lastly, 
neuroglia cells. 

1137. Golgi’s Bichromate and Nitrate of Silver Method. Rapid 
Process, Small pieces of very fresh tissues are hardened in a 
mixture of 2 to 2-5 per cent, potassium bichromate 8 parts, and 
1 per cent, osmic acid 2 parts. Of, if a very quick hardening is 
desirable, 2 parts of 3 per cent, bichromate to 1 of 1 per cent, 
osmic acid. In Golgi’s laboratory mixtures of 3 parts of 3 per 
cent, bichromate and 1 of 1 per cent, osmic acid are generally 
used. The tissues begin to be in a state suitable for the silver 
impregnation from the second or third day ; in the next following 
days they are in a still more favourable state, but this soon declines, 
and is generally quite lost by the tenth or twelfth day. 

The silver impregnation is conducted exactly in the same way 
as in the slow process, and sections are prepared and mounted in 
the same manner, but they should not be left in alcohol for more 
than an hour or so before mounting. 

There is this difference, that the impregnated material cannot 
be preserved for any length of time in alcohol and must not 
remain in it for more than one or two days. But it may be kept 
in the silver solution until wanted for sectioning. According to 
V, Gehuchten {La Cellule, vi, 1890, p. 405) pieces may be kept 
with advantage for many days, weeks and months in the silver 
nitrate solution. An abundant impregnation was found by him 
after many days up to six months where almost none had been 
seen after twenty-four to forty-eight hours only. But the material 
must be kept in the dark. 

As to the proper duration of the hardening process in different 
cases, it must be pointed out that definite rules can hardly be 
given, while investigators can easily find out the right moment 
fbr successfully transferring the pieces into the silver bath by 
means of attempts made in accordance with the purpose in view 
and the quality of the material with which they are working. 
However, the following points should be borne in mind : — 

Spinal cord of chick from the sixth to the tenth day of incubation — 
twelve to forty-eight hours in the hardening mixture (up to the fifth day 
the embryos may be treated whole, later the vertebral column should be 
dissected out and cut into two or three segments ; it need not be 
opened). The spinal column of new-born rats and mice should be treated 
in the same way, and remain in the mixture for twenty -four hours for 
spinal ganglia, or for two to six days for the cord itself. The encephalon 
of these subjects may be treated in just the same way, without being 
dissected out. v. Lenhossj^k (op. dt.) recommends for human foetal 
cord two to three days for neuroglia, three to five for nerve-cells, and 
five to seven for nerve-hbres and collaterals. Cerebellum of new-born 
subjects three to five days in the hardening mixture. Cerebral 
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cortex of young subjects two to three days (mice), or as long as five 
(rabbit, cat) ; cortex of adults, eight to fifteen days. The most favour- 
able region of the brain is the Ammon’s horn, especially in the rabbit, 
i?eti/ia-~twenty-four to forty-eight hours in the mixture, then “ double ” 
impregnation (§ 1142). Sympathetic. Sala, L. (Mon. Zool Hal., iii, 
1892) found the inferior cervical ganglion particularly suitable for 
staining by Golgi’s rapid process. He proceeds thus : osmium bichro- 
mate mixture, three days ; quick wash in distilled water ; silver bath, 
two to three days ; further wash in distilled water and passage into the 
same osmium -bichromate mixture for about four days ; a third im- 
pregnation can be resorted to, in which case pieces should remain in the 
hardening fluid for five to seven days. Spinal cord of larv(s of Amphibia. 
The entire larvse (best 2 to 2-5 cm. long) should be put for two to five 
days into the hardening mixture, and for one to two into silver nitrate. 
Epidermis of Lumbricus. Three to six days in the mixture, and two 
in the silver, or double impregnation if necessary. Nervous system of 
Helix (glia-cells). The above mixture for eight to ten days, then silver 
of 0-75 to 1 per cent. As a general rule, the younger the subject the 
shorter should be the hardening. If it has been too short, sections will 
have a brownish-red opaque aspect, with precipitates, and irregular 
impregnation of cells and fibres. If it has been too long, the ground 
will be yellow, without precipitates, but with no impregnated elements, 
or hardly any. 

This process has the advantage of great rapidity, and of sure- 
ness and delicacy of results, and it is the one that has found most 
favour with other w^orkers. But for the methodical study of any 
given part of the nervous system Golgi himself prefers the 
following : — 

1138 . Golgi’s Bichromate and Nitrate of Silver Method. Mixed 
Process. Fresh pieces of tissues are put for periods varying 
from two to twenty-five or thirty days into the usual bichromate 
solution (§ 1136). Every two or three or four days some of them 
are passed into the osmio-bichromate mixture of the rapid process, 
hardened therein for from three or four to eight or ten days, and 
finally impregnated with silver nitrate and subsequently treated 
exactly as by the rapid process. 

The reasons for which Golgi prefers this process are: The 
certainty of obtaining samples of the reaction in many stages of 
intensity, if a sufficient number of pieces of tissues have been used 
for the purpose. The advantage of having at one’s disposal a 
considerable time — some twenty-five days— during which the 
tissues are in a suitable state for taking the silver. The possibility 
of greatly hastening the process whenever desired by simply 
bringing all the pieces over at once into the osmic mixture. 
Lastly, a still greater delicacy of results, particularly noticeable 
in the staining of axons and their collaterals. 

1139. Golgi’s Methods for demonstrating Funnels and Spiral 
Filaments, Golgi (see Rezzonico, Arch. p. 1. Sc. Med., iv, 1880, 
p. 78 ; Golgi, Opera Omnia, I, p. 163) puts small pieces of spinal 
cord in 2 per cent, potassium bichromate for eight to fifteen days 
in summer, or a month in winter. After a quick wash he transfers 
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them into 0*50 to 0-75 per cent, silver nitrate for two or three 
days in summer, or eight, ten or more in winter. The pieces 
are then washed in 95 per cent, alcohol, dehydrated in absolute 
alcohol, cleared in oil of turpentine and teased therein. The 
preparations, mounted in dammar, must be exposed to sunlight 
for eight to ten days ; or to diffused daylight for twenty to forty 
days. 

For Peripheral Nerve-fibres, Golgi (Op. Omnia, I, p. 162) has 
proposed two methods. Of these the first is a modification of his 
rapid process (see § 1137), and should be carried out as follows 
Tracts of peripheral nerves are cut with care not to stretch them, 
and put in a mixture of 10 parts of 2 per cent, potassium bi- 
chromate and 2 of 1 per cent, osmie acid. After about one hour 
the tract or tracts of nerves are sufficiently hardened to be further 
recut in pieces of about | cm. in length, which are put back in the 
same mixture. After another three hours, and successively at 
intervals of three hours during twenty-four hours, pieces are 
transferred into 0*5 per cent, silver nitrate where they may remain 
for any time, but no less than eight hours. Preparations are 
made and mounted as above. 

The other method is a modification of that used for central 
nerve-fibres, the only difference consisting in keeping the pieces 
in the bichromate for a much shorter period, i.e, for from four 
hours to at most two days, and in transferring specimens into 
the silver bath at intervals of about three hours. After twelve 
to twenty-four hours preparations can be made as described above. 

The preparations made by the first method show the spiral 
filaments very clearly, but do not keep well. The preparations 
made by the second method do not show the spiral filaments so 
completely, but are more useful for the demonstration of the 
funnels and last longer. 

Cattani {Arch, ItaL BioLy vii, 1886, p. 345) either fixes in 
Flemming’s fluid and teases and mounts in glycerine, or puts 
pieces into Golgi’s bichromate and osmic acid mixture, dehydrates 
and passes into oil of turpentine to be changed until it remains 
colourless. The turpentine dissolves the myelin and leaves 
funnels and spiral filaments visible. Cattani also has a modified 
Golgi method, now superseded. 

Sala {Verh. Anat. Ges, Anal, Anz., 1900, p. 176) employs the 
Golgi -Veratti method for the intracellular network (see § 931). 

See also concerning these methods, Monbino, Arch, p, L Sc, 
Med., viii, p. 45. 

Galli {Ztschr, wiss. Mikr,, iii, 1886, p. 467) hardens peripheral 
nerves for eighteen to twenty days in Muller’s fluid, cuts out pieces 
5 to 6 mm. long, and keeps these in Muller’s fluid diluted with 2 
parts of water for another two days ; then in glycerine acidified 
with acetic acid (1 drop to 1 c.c.). From this, without washing, 
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the pieces are transferred to a watery solution of China blue, in 
which they are kept for fifteen to twenty minutes, according to 
the amount of acetic acid added to the glycerine. They are then 
brought into alcohol, in which teasing is begun, and then through 
absolute alcohol into turpentine, in which the teasing is completed. 
Mount in dammar. 

Ramon y Cajal has successfully employed some modifications 
of his reduced silver and uranium nitrate methods, for which see 
Trab. Lab, Invest, Biol,, Madrid, x, 1912, p. 221. 

1140. Theory of Impregnation. It was once held that the 
reaction depends on the formation in the tissues of a precipitate 
of some salt of silver. And Kallius has put forward the sug- 
gestion that this precipitate may consist of a protein-silver- 
chromate combination. But this seems to B. Lee incorrect 
(see 1918 ed.). In agreement with v. Lenhoss5k, he finds that 
the coloration is not due to a visible precipitate, but is a true 
stain accompanied, particularly in unsuccessful impregnations, 
by precipitates which not only do not help the stain, but are 
injurious to it. It has been maintained that the stain is merely 
superficial, and the method has been called an “ incrustation 
method.’’ But it is easy to realise that it generally extends 
throughout the whole thickness of the impregnated elements, 
though in special cases or by slight modifications of the original 
method, the stain may be limited to certain constituents of the 
nerve-cell body, such as Golgi’s pericellular investment and 
intracellular network. 

The chemical nature of the stain has not as yet been discovered. 

A critical review of the Golgi method by Weigert may be found in 
Ergebn. d, Anat, v, 1895, p, 7, See also Hill (Brain, xix, 1896, p. 1), 
and Kallius (op. cit,), 

MODIFICATIONS OF GOLGI’S BICHROMATE AND SILVER 
NITRATE METHOD CONCERNING THE IMPREGNATION 
OF TISSUES. 

1141. Instead of potassium bichromate, ammonium bichromate 
has been recommended by Golgi and sodium bichromate by 
Kallius. Both these salts appear to penetrate more quickly 
into the tissues than potassium bichromatCi According to 
SmixmGc {N, Y, Acad, Sc, Proc,, xiii, 1894) lithium bichromate 
hardens more rapidly than potassium bichromate. The influence 
on the reaction of the bichromates of ammonium, sodium, calcium, 
magnesium, rubidium, lithium, zinc, and copper, has been investi- 
gated by L. Sala (see Kallius, op, cit, i, Y ^^4), but he came to 
the conclusion that they do not offer any particular advantage, 
with the exception of calcium bichromate, this last to be preferred 
lor the staining of the tangential fibres of the cerebral cortex. 

VADE-MECUM. 18 
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Ramon y Cajal {Ztschr, wiss, Mikr., vii, 1890, p. B82) gives 8 
per cent, as the strength of the bichromate in the mixture for 
the rapid process, but in numerous other places has given it as 
8*5 per cent. The latter strength has been adopted by many 
workers for tiie rapid process, and the mixture containing this 
proportion of bichromate is generally known as the Ramon y 
Cajal mixture. 

1142. Ramon y Cajal’s Double-Impregnation Process (La 
Cellule, viii, 1891, p. 130). Sometimes the usual rapid method 
fails to give a good impregnation. This, however, may frequently 
be obtained by putting the tissues back for a day or two into 
the osmium-bichromate mixture used for the. first hardening, or 
into a fresh but weaker one containing 2 parts of 1 per cent, 
osmie acid and 20 parts of 3 per cent, potassium bichromate. 
Tissues are then washed quickly with distilled water or wdth a 
weak solution of silver nitrate, and put for a second time into 
the silver bath, where they should remain from thirty-six to 
forty-eight hours. It is important to find out the proper duration 
of the first hardening. If it has been too long (four days) or 
too short (one day) the second impregnation will not succeed. 
In this case a third impregnation may be resorted to, the objects 
being again treated with the weak osmium-bichromate mixture 
and then again with the silver nitrate solution. I find that this 
modification, which is the most important that has hitherto 
been made, gives excellent results if one proceeds by tests, viz., 
re-transferring into the weak osmium-bichromate mixture those 
pieces in which the reaction has been found to have succeeded to 
some extent. 

1143. Kolossow’s Modification (see Zuschtschenco, Arch , Mikr , 
Anat ,, xlix, 1897). Tissues are hardened for one to seven days in 3 to 
5 per cent, potassium bichromate containing 0-25 per cent, of osmic 
acid. They are then washed quickly in distilled water, dried with filter 
paper and transferred for two to three days into a bath of 2 to 3 per cent, 
silver nitrate to which 0*25 to 0*5 per cent, of osmic acid has been 
added. This is a good modification for sympathetic ganglia. 

1144. Golgi’s Processes for the Rejuvenation of Over-hardened 
Tissues. Tissues which have been too long in the osmium- 
bichromate mixture will no longer take on the silver impregnation. 
They can, however, be made to impregnate by one or other 
of Golgi’s so-called processes of rejuvenation. These can be 
carried out in various ways given here with sufficient detail, as 
they may he of great me not only for rejuvenating ordinary pieces 
of central nervous system, but also, and particularly, for the 
staining of nerve-endings in glandular and other tissues, internal 
apparatus, spiral filaments of peripheral nerve-fibres, etc. 

Golgi at first suggested washing the over-hardened pieces in 
a half-saturated solution of copper acetate until they no longer 
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give a precipitate, afterwards putting them back again for five 
or six days* into the osmium-bichromate mixture, and subse- 
quently transferring them into the silver nitrate solution. 

Later he advised leaving tissues in 3 to 4 per cent, copper 
sulphate or 1 to 2 per cent, arsenic acid. After one, two and 
three days some pieces are brought back into the osmium- 
bichromate mixture in which they have been hardened, or into 
a weaker one, proceeding further as in the rapid process, viz., 
as if the pieces had been freshly fixed in the osmium-bichromate 
mixture. 

More recently Golgi appears to have preferred mixtures of 
equal parts of 2 or 3 or 4 per cent, copper sulphate or acetate 
and 4 to 5 per cent, potassium bichromate, filtering them if 
copper acetate was used, and treating the pieces as stated above. 
As a rule these copper acetate and potassium bichromate mixtures 
ought to be tried first and in preference to others. As with other 
points of Golgi’s methods, so also in this case, one must proceed 
by tentative experiments, according to the purpose of one’s 
investigation and the quality of the material in hand, but chiefly 
according to the length of time during which the tissues have 
been left in the osmic bichromate solution. 

For references see last edition. 

1145. Formaldehyde Modifications of Golgi’s Bichromate and 
Nitrate of Silver Method* Many investigators have found that 
formaldehyde can take the place of the osmic acid in the osmic - 
bichromate mixture of the rapid process. This has certain 
advantages : A cheap reagent is employed instead of the expensive 
osmic acid. Pieces much larger than by Golgi’s original process 
may be used. The stage of hardening favourable for a good 
impregnation lasts longer, i.e,, formalin-bichromate mixtures do 
not over-harden. Moreover, the formaldehyde modifications can 
be usefully resorted to for impregnating nervous tissues of adult 
or young subjects, as well as for material which after repeated 
attempts has been found impervious to the osmic mixtures. How- 
ever, it should be remembered that many investigators have 
failed to obtain good results by the formaldehyde methods and 
that they are unsuitable for embryonic specimens. 

Hoyer, Jun. (Anat. Anz*, ix, 1894, p, 236) was the first to 
point out that material fixed in formalin could be used for carrying 
out Golgi’s method. 

Lachi (Monit. ZooL ItaL, v, 1895, p. 15) used, at first, to 
harden tissues for five to nine days in equal parts of 20 per cent, 
formalin and 6 per cent, potassium bichromate. Afterwards 
{Anat Anz*f x, 1895, p. 790) he adopted the mixture proposed 
by his pupil Dell’Isola {Bolt Ace, Med, Genova^ 1895, No. 2) 
of equal parts of 10 per cent, formailin and 10 per cent, potassium 
bichromate, with the addition of 1 part of 1 per cent, osmic acid 

■ : ■ ■ IS— at'.,: 
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to every 10 of the mixture, this last formula being particularly 
suitable for quick work, as forty-eight hours afterwards pieces 
can be already transferred into the silver bath. 

Steong {AnaL Anz,, x, 1895, p. 494) suggested fixing pieces 
of brain of adult specimens in mixtures of 100 volumes of 8-5 
per cent, potassium bichromate and from 2| to 5 volumes of 
formalin. One or more pieces are, during several days, daily 
transferred into 1 per cent, silver nitrate. Or the tissues are 
left for one to two days in the above formalin-bichromate mixture 
and then passed into a fresh one consisting of 2 volumes of 5 per 
cent, potassium bichromate and 1 volume of formalin ; after 
another twelve to twenty-four hours all the pieces are transferred 
into the silver bath. 

Dueig (ibid,, p. 659) obtained good results by fixing | cm. 
thick pieces in 3 per cent, bichromate containing 4 to 6 per cent, 
of formalin, and hardening therein for three days. After silvering 
for two days, the pieces are brought back into the fixing mixture 
and one proceeds as in Ramon y Cajal’s double impregnation 
process. 

Fish (Proc, Amer. Micr. Soc,, xvii, 1895, p. 319) uses 2 c.c. of 
formalin for every 100 c.c. of 3 per cent, potassium bichromate, 
and leaves tissues three days in this fluid, and another three 
days in 0*75 per cent, silver nitrate ; or, with advantage, Muller’s 
fluid, 100 c.c. ; 10 per cent, formalin, 2 c.c. ; 1 per cent, osmic 
acid, 1 c.c. ; silvering as above. 

Kopsch {Anal, Anz., xi, 1896, p. 727) uses 4 parts of 3*5 per 
cent, potassium bichromate and 1 of formalin ; after twenty- 
four hours he transfers all pieces to pure 3*5 per cent, bichro- 
mate for at least two days (retina) or three to six (central organs). 
He finds that, by this means, precipitates are almost entirely 
avoided. B. Lee (1913 ed.) confirms this, but points out that 
the method gives a too abundant impregnation of capillaries. 

Gerota {Intern. Monatsck. Anat, xiil, 1896, p. 108) first 
hardens brains for a week or two in 5 to 10 per cent, formalin, 
then puts small pieces for three to five days into 4 per cent, 
bichromate, and lastly transfers these into the silver bath, where 
they are left with advantage for ten to twenty days. 

Bolton {Lancet, 1898 (1), p. 218 ; Journ. E. Micr. Soc., 1898, 
p. 244) has obtained good results from brains of cats and half- 
grown kittens placed whole in 5 per cent, formalin and from 
human brains hardened whole in formalin of the same strength 
for two to twelve months. Small pieces are then cut out, and 
placed into 1 per cent, ammonium bichromate and left therein 
for from a few hours up to five days, some being transferred at 
intervals into 1 per cent, silver nitrate. 

ScHREiBER {Anat Anz.f xiv, 1898, p. 275) obtained good 
results from appendages of Crustacea impervious to the osmic 
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mixture, with 5 parts of 2-5 per cent potassium bichromate to 
1 of 4 per cent, formalin, or 1 part of 2*5 per cent, bichromate 
to 2 of 5 per cent, formalin, the specimens remaining for one day 
in the first mixture and for two in the second. 

Similarly Duboscq {Arch, de ZooL exp,, vi, 1898-90). 

Smirnow {Arch, mikr, Anat,, lii, 1898, p. 201) fixes the cere- 
bellum of a freshly-killed animal in 5 per cent, potassium bichro- 
mate 4 parts, and formalin 1 part, for one to eight weeks. He 
then divides the organ in two halves and places them into pure 
3*5 per cent, bichromate, where they are left for another two to 
five weeks. Of the two halves one may be used for Weigert’s 
myelin stain ; the other is divided in pieces 1 to 2 cm. thick, and 
these put for one to one and a half weeks into a mixture of 5 
per cent, potassium bichromate, 5 parts, and 2 per cent, osinic 
acid, 1 part. Pieces are then transferred, at first into a weak 
silver bath and then into the usual 1 per cent, silver nitrate 
solution. The method gives good results also in human brains 
of adult subjects. 

Odier {La Rachicocainisation, Geneve, 1903, p. 27) takes 
100 c.c. of Muller’s fluid with 2 c.c. of undiluted formalin and 
1 c.c. of 1 per cent, osmic acid. The mixture should be kept 
in the dark and made up at the instant of using it. Odier finds 
that formalin-bichromate mixtures generally afford a more 
abundant impregnation with fewer precipitates than the osmic- 
bichromic ones. 

Brookover {Journ, comp, neurol.^ xx, 1910, p. 49) finds useful 
for adult specimens a preliminary fixation in 4 per cent, ‘‘ formal- 
dehyde,” neutralised with lithium carbonate or ammonia, before 
carrying out Golgi’s rapid process. 

1146. Other Modifications. Vassaee and Donaggio {Monit, ZooL 
ItaL, vi, 1895, p. 82) harden pieces of at most 1 cm. in thickness for 
fifteen to twenty days in a mixture of 5 parts of acetic aldehyde and 
100 of 3 to 4 per cent, potassium bichromate, changing the fluid as soon 
as it has become dark. The rest as Golgi. 

Ram6n y Cajal {Rev, Trim, HistoL, No. 2, 1888, note) found that the 
addition of a very little formic acid to the silver bath facilitated reduc- 
tion. According to van Gehuchten {La Cellule, vii, 1891, p. 83) 1 drop 
of the acid should be added to every 100 c.c. of the silver nitrate solu- 
tion. But the practice is now generally abandoned. 

Martinotti {Rif, med., 1887 ; Ztschr, wise. MiJcr*, y, 1888, p. 88) 
pointed out that Golgi’s method can be successfully carried out on 
relatively large pieces by using unusually large quantities of silver 
nitrate solution with 5 per cent, glycerine added to it, and by keeping 
this for thirty days at a temperature of 25'" C. to impregnate nerve-cells, 
and of 35° to 40° C. to stain the neuroglia. 

Andriessen {Brit, Med, Journ,, i, 1894, p. 909) found useful for 
human brain to suspend thin slices of 2 to 4 mm. in diameter in 95 c.c. 
of 2 per cent, potassium bichromate to which after ten to fifteen minutes 
5 c.c. of 1 per cent, osmic acid are added. The mixture is kept in the 
dark and after twenty -four hours changed for a fresh one made up 
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with 90 c.c. of 2| per cent, bichromate and 10 c.c. of 1 per cent, osmic 
acid. After another two days the mixture is changed over again for 
one made according to the proportions given by Golgi (3 per cent, 
potassium bichromate, 80 c.c. ; 1 per cent, osmic acid, 20 c.c.). Pieces 
are transferred into the silver bath after three and a half days (for nerve- 
cells and neuroglia) up to six days. They are washed for five to fifteen 
minutes in f per cent, silver nitrate, and then put into a solution of 
silver nitrate of the same strength, but to which 1 drop of formic acid 
to every 100 or 120 c.c. of solution has been added. The whole is kept 
in an incubator at 25° to 27° C. for about three days, changing the 
silver bath after the first twenty-four hours. The same author advised, 
for the impregnation of neuroglia (Intern. Monatschr. Anat., x, 1893, 
p. 533), adding 1 drop of a saturated solution of chromic acid and 1 drop 
of formic acid to the first hardening bath. 

Berkeley (Johns Hopkins Hosp. Rep., vi, 1897, p. 1) hardens tissues 
in Muller’s fluid until they are of sufficient consistency to admit of fairly 
thin sections (about two weeks at room temperature). The portions 
of the brain selected are cut into slices 3 mm. thick and immersed for 
about three days in a mixture of 3 per cent, potassium bichromate, 100 
parts, and 1 per cent, osmic acid 30 parts. For the impregnation, 
tissues are removed from the hardening fluid, dried a little with filter 
paper, washed in a weak solution of silver nitrate, and put for no less 
than two to three days into a freshly -prepared solution of 2 drops of 
10 per cent, phosphomolybdic acid and 60 c.c. of 1 per cent, silver 
nitrate, which in winter should be kept at a temperature of about 
26°. C. 

Hill (op, di, § 1140) uses, instead of silver nitrate, a f per cent, 
solution of silver nitrite, with 0*1 per cent, formic acid added. 

1147, Avoidance of Precipitates. Golgi’s method frequently 
gives rise to the foiination at the surface of the pieces of irregular 
and sometimes voluminous precipitates, which destroy the clear- 
ness of preparations. To minimise this, Sehrwai.d (Ztschr, 
wiss, Mikr.y vi, 1889, p. 456) pours 10 per cent, gelatine, which is 
just liquid, into a paper box, imbeds the tissues in it with the 
aid of a little heat, and brings them therein into the silver bath ; 
or the tissues are coated with gelatine by dipping and cooling 
several times. After the impregnation is completed the gelatine 
is removed, before cutting, by means of warm water saturated 
with silver chromate. Mann (Physiol, HistoL, 1902, p. 276) 
finds that the method gives good results provided the gelatine is 
not rendered insoluble by the action of light. To prevent this 
he proceeds thus : Either in the photographic dark room or 
in the evening, by artificial light, tissues, tied loosely to a thread, 
are immersed three times into liquefied 10 per cent, gelatine, and, 
as soon as this has set, they are put into the silver bath, keeping 
the latter in some dark place. It appears that surrounding a 
tissue with gelatine makes the impregnation slower, and for this 
reason Mann allows a day longer for the silver bath. 

Martinotti (op, cit) covers pieces with a layer of a pap of 
filter paper and distilled water, 

Athias wraps tissues in wafer papers^ 
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Ramon y Cajal covers them with a layer of congealed blooch 
which need not be removed before cutting, or with ceiloidin or 
peritoneal membrane. See ‘‘ Retina.” 


MODIFICATIONS CONCERNING THE PRESERVATION OF 
THE PREPARATIONS 

1148. Cutting. As pointed out in § 1135, one of the chief 
qualities of Golgi’s method consists in allowing one to follow 
nerve-cell processes for a great distance. Evidently this cannot 
be done with very thin sections ; and as sufficiently thin ones 
can be obtained without imbedding, the general practice is simply 
to wash the pieces taken from the silver bath with distilled water, 
fix them with gum to a cork or wooden cube, put the whole into 
alcohol for a little while to harden the gum, and cut by means of 
a sliding microtome without imbedding. 

But quick imbedding, particularly in ceiloidin, is quite possible, 
and should be resorted to for material either brittle or otherwise 
difficult to cilt. Pieces of tissue as small as possible are brought 
in the course of about two hours through the ascending series of 
alcohols into absolute alcohol ; after having changed this a 
couple of times, pieces are transferred for another one or two 
hours to thin ceiloidin, then coated with thick ceiloidin, and by 
means of this fixed to a wooden cube, the ceiloidin being a little 
hardened by means of chloroform vapour, as usual. The whole 
is left for a little while in 70 per cent, alcohol, and sections made 
in the usual way. If these operations are started in the morning, 
when going into the laboratory, pieces are ready for cutting at 
about 2 p.m., sufficient time remaining for the further treatment 
of the sections according to the directions given above (§ 1136). 
Care should be taken, of course, not to transfer the sections into 
absolute alcohol if it is not considered safe to dissolve the ceiloidin. 
In this case dehydration can be carried out as usual up to 98 
per cent, alcohol, and the sections transferred into fluid absolute 
guaiacol and cedar-wood oil as already described in § 1136. 

Imbedding in paraffin is also possible, but results are usually 
rather poor, and one should have recourse to it only for special 
objects, such as muscles (see Veratti, Mem, R, Inst Lomh, Sc,, 
xix, 1902, p. 87). In any case tissues should be passed quickly 
through the lower grades of alcohol, and remain only a few hours 
in 95 per cent, and absolute alcohols. They should be cleared 
with cedar-wood oil, as xylol and similar reagents may be injurious 
to the silver impregnation. One should transfer pieces directly 
into paraffin of as low a melting point as possible. According to 
Brookover {op, cit), cedar- wood oil should be used over and 
over again, as it becomes saturated with silver nitrate. 
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1149. Mounting. As pointed out in § 1130, Golgi preparations 
do not keep well if mounted under a cover-glass in the usual way. 
How and why this happens it is very difficult to say. Though an 
elaborate discussion between Sehuwald (Ztschr, wiss, Mih\, 
vi, 1889, p. 443), Saiviassa {ibid., vii, 1890, p. 26), and Fish {ibid., 
viii, 1891, p. 168) has furnished the net practical result that 
watery fluids should be avoided as much as possible during the 
after-treatment, it is not clear why preparations should deteriorate, 
when mounted under a cover-glass in thick cedar-wood oil or 
neutral balsam ; while Mann {op. cit., p. 27T) states, on the other 
hand, that sections keep well if mounted under a cover-glass in 
Price’s No 1 pure neutral glycerine. 

For these reasons the general practice is to mount sections 
without a cover, either on ordinary slides or on cover-glasses to be 
inverted for study over the aperture of a hollowed-out wooden slide. 

If mounting under a cover is desirable, this should either be 
raised free of contact with the slide by means of wax feet or the 
like, or the balsam of the mount should be rendered perfectly 
anhydrous by carefully heating it on the slide with the section 
in it, until it immediately sets hard on cooling, when a slightly 
warmed cover can be applied. This last method is also recom- 
mended by Huber (Anat. Anz., vii, 1892, p. 587). B. Lee (see 
previous editions) advises keeping the preparations uncovered 
until the sections have become quite dry and the balsam, applied 
from time to time in thin layers, quite hard, and then to cover 
them with a warmed cover-glass, this being slightly pressed down 
on the sections. 

Various processes have been devised for mounting Golgi’s prepara- 
tions at once under a cover, but none of them give really satisfactory 
results. One should have recourse to them either for special objects, or 
if counterstaining with carmine or haematoxylin, or by Weigert-Pal’s 
method, or the like, is particularly desirable. In this case one of the 
following methods may be employed — 

Greppin {Arch. Anat u. Entmick., Anat. Abth., Supp., 1889, p. 55) 
treats sections for thirty to forty seconds (until whitish) with 10 per 
cent, hydrobromic acid, washes them in several changes of water, 
dehydrates, clears with clove oil and exposes them for ten to fifteen 
minutes to sunlight. 

Obregia (Virchow\s Arch., cxxii, 1890, p. 387) transfers sections into 
a mixture of absolute alcohol, 10 c.c., and 1 per cent, gold chloride, 
10 drops, to be previously exposed to diffuse daylight for half an hour. 
Sections are then passed into it and put in a dark place. After fifteen 
to thirty minutes they are washed successively in 50 per cent, alcohol, 
distilled water, 10 per cent, sodium hyposulphite (five to ten minutes), 
and repeatedly changed distilled water. They may be then coimter- 
stained, dehydrated and mounted in balsam under a cover. 

Kaixius {Anat. Hefle., ii, 1893, p. 271) uses 230 c.c. of distilled 
water and 20 c.c. of commercial hydroquinone solution (hydroquinone 
4 grm., sodium sulphite 40 grm., potassium carbonate 75 grm., distilled 
water 250 c.c.). The solution is further diluted before using with one- 
third to one-half its volume of absolute alcohol and the sections (freed 
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from unreduced silver by washing them in many^ changes of alcohol) 
left in it for several minutes. Here they become dark-grey to black, 
and are then transferred for ten to fifteen minutes into 70 per cent, 
alcohol, for five minutes into 20 per cent, sodium hyposulphite and 
for twenty-four hours into a large quantity of distilled water. Counter- 
stain, dehydrate, clear and mount as usual. 

Ebeeth and Runge {Arch. mikr. Anat., xlvi, 1896, p. 370) have 
successfully used a process similar to that of Greppin. They convert 
the silver impregnation into silver chloride by keeping sections in 
chlorine water for fifteen to twenty minutes, and they then reduce the 
white silver chloride, either through exhibition to sunlight just before 
mounting, or by means of Kallius’ process. 

Bolton {op. cit) has obtained good results with Kallius’ process 
applied to his formol-bichromate modification. 

CuRREEi {Anat Anz.^ xxxii, 1908, p. 432), after fixing by Kallius’ 
method, tones in 0*7 grm. of gold chloride, 3 grm. of sodium acetate 
and 100 c.c. of water. 

Zimmermann’s process {Arch. mikr. Anat, lii, 1898, p. 554). Paraffin 
sections of formol-Golgi material are brought from alcohol into a large 
quantity of a mixture of 1 part of physiological salt solution and 2 parts 
of 96 per cent, alcohol. They are kept in motion therein for ten to fifteen 
minutes, after which they are brought into 75 to 96 per cent, alcohol 
in a bright light until they have become dark (about half a day) ; or 
sections are left for half to one hour in 100 c.c. of absolute alcohol to 
which a few drops of ammonium hydrosulphide have been added. In 
the first case the silver deposit becomes converted into silver chloride, 
in the second into silver sulphide. Later {Arch, mikr, Anat., Ixxviii, 
1911, p. 199) he reduces for several hours in 20 c.c. of saturated solution 
of sodium carbonate (made up with 50 per cent, alcohol) to which 
0*5 grm. of adurol are added. These processes are useful for studying 
the inter-relationship between gland-ducts and gland-cells (stomach, 
liver) if the silver chloride sections are afterwards stained with thionin 
or toluidine blue or safranin, the sulphide sections with Delafield’s 
hsematoxylin, and the adurol ones with hsemalum or almn cochineal. 

For toning, fixing and counterstaining sections of tissues treated by 
the sublimate method and the like, see next paragraph, 

THE SUBLIMATE METHOD 

1150. Golgi’s Bichromate and Sublimate Method {Arch, Sc, 
Med., iii, 1878 ; Bend, B, Inst Lomh, Sc, (2), xii, 1879, p. 205, 
and (2), xxiv, 1891 ; Arch, Ital, Biol,, op, cit, § 1135 ; Bif. Med,, 
IS91 ; Opera Omnia, I, p. 143, and II, pp. 505 and 607), For 
hardening, use either a solution of potassium bichromate pro- 
gressively raised from 1 to 3 per cent., or Muller’s fluid. It is 
best to take small pieces of tissue, large quantities of hardening 
fluid, and change the latter frequently. But the reaction can 
be obtained with much larger pieces, even entire hemispheres. 
In this case the brain should at first be treated with repeated ” 
injections of the fixing agent, or this should be injected from 
the carotid or the aorta. Pieces, particularly if small, begin 
to be ready for the subsequent treatment eight to ten days 
afterwards, but it is advisable to wait until the twentieth or 
thirtieth day of immersion, this being not injurious if prolonged 
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for vseveral months ; it is, on the contrary, to be recommended 
if the pieces are uncommonly large. 

\Micn it is thought that the tissues have been hardened enough, 
they aiT passed directly from the bichromate into 0*5 to 1 per 
cent, mercury chloride. One generally prefers weak solutions 
(0*5 per cent.) if pieces have been left in the fixing fluid for a 
relatively short period, having recourse, to the stronger ones 
(1 per cent.) for materials which have been hardened for many 
weeks or months. The sublimate solution must be changed at 
first every day, and later as often as it comes yellowish. At the 
end of the reaction pieces will be found decolorised and almost 
with the aspect of fresh tissue. To obtain a good reaction, about 
ten days of immersion in the mercury chloride are necessary if 
pieces are small, longer periods, and even months, being required 
for large pieces and entire hemispheres. Particularly fine results 
were obtained by Golgi from brains which had been kept in 
1 per cent, sublimate for as long as two years. 

The reaction may be said to have begun by the time tissues 
are nearly decolorised. From that time oii'wards sections may be 
made and mounted if successful. 

Imbedding is not necessary, but in many cases desirable. 
It can be easily carried out by washing pieces in many changes of 
alcohol of ascending strengths and imbedding them in celloidin. 
Sections, however made, must be repeatedly washed with dis- 
tilled vrater, otherwise they will soon be spoilt by the formation 
of opaque granules and needle-like crystals which very much 
hinder proper observation. After dehydrating, sections can be 
passed through creosote and turpentine and mounted, preferably 
without a cover-glass, in dammar or balsam. 

It is, however, preferable to treat sections by the following 
fixing-and-toning process which was suggested by Golgi for 
transforming the whitish mercury impregnation (to which the 
reaction is due) into a full-black stain, much more suitable for 
observation under high power. Moreover, the process helps in 
preventing the formation of opaque precipitates, and allows of 
mounting in the usual way without any danger of spoiling the 
specimens. 

One proceeds thus : Sections of pieces imbedded in celloidin 
are thoroughly washed in many changes of water, and then trans- 
ferred for a few minutes into a photographic fixing and toning 
bath to be prepared at the moment of using, as follows : — 


Solution A. 

Distilled water ..... 1000 c.c. 

Sodium hyposulphite . . . . 155 gr. 

Potassium alum ..... 20 „ 

Ammonium thiocyanate ... 10 „ 

Sodium chloride ..... 40 „ 


Allow to stand for eight days and tiien filter. 
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Solution B, 

Gold chloride . . . , . 1 gr. 

Distilled water . . , , . loo c.c. 

For use take 5D c.c. of sol. A, 7 c.c. of sol. B, and 
40 c.c. of old combined bath. 

From the fixing and toning bath sections are transferred into 
distilled water and again thoroughly washed; they are then 
slightly counterstained with an acid solution of carmine diluted 
with some alcohol, dehydrated, cleared, and mounted in the usual 
way. 

The elements stained by the method are; (1) Nerve-cells 
with all their processes and ramifications. (2) Nuclei, which is 
not the case with the silver process. (3) Neuroglia cells. But 
the reaction in this case is far less precise and complete than that 
obtained by the silver method. (4) Blood-vessels, and particularly 
their muscle fibre-cells. 

The method gives particularly good results with cerebral 
cortex and Ammon’s horn, very poor ones with the cerebellum 
and spinal cord. It is superior to the silver method in so far 
that the reaction can always be obtained with certainty in a 
certain time ; that the preparation can be preserved by the usual 
methods ; that large pieces of tissue can be impregnated. More- 
over, it is cheaper and may give a more abundant and finer impreg- 
nation than even the rapid process. 

1151. Modifications of Golgi’s Bichromate and Sublimate Method. 
Mondino (Ztsch, wiss. Mikr,, ii, 1885, p. 157) has obtained good results 
from even whole human brain treated according to Golgi’s original 
method. 

Flatu (Arch. mikr. Anat.y xlv, 1895, p. 158) fixes whole human 
brain in 3 to 4 per cent, potassium bichromate. After two or three 
months slices J cm. thick and 1 to 2 cm. wide are brought into 0*1 
per cent, mercury bichloride' to be changed every two to three days 
for the first three weeks or so. Pieces are ripe for cutting after nine 
to twelve months, at which time they are washed and imbedded 
in celloidin. Sections are passed through alcohols, cleared in carbol- 
xylol and mounted in balsam. 

Pal (Ztschr. wiss. Mikr., iv, 1887, p. 497) converts the whitish mercury 
impregnation into a black one by treating sections with 1 per cent, 
sodium sulphide. They may then be counterstained with Magdala red. 

Golgi’s sublimate method may be combined with Weigert’s myelin 
stain (see Pal, Weiner med. Jahrb,, N.F. 1, 1886, p. 619, and the abstract 
of this paper in Ztschr. wiss. Mikr., iv, 1887, p. 92, in which Edinger 
pointed out that the mercury impregnation can be turned black by 
treating sections with diluted ammonia). 

Flechsig (Arch. Anat. Phys,, Physiol. Abtk., 1889, p. 537) has 
published a rather complicated combination of Brama’s Guinea red- 
wood process for meduUated nerve-fibres and Golgi’s sublimate method, 
as slightly modified by Held. 

1152. Cox’s Process (Arch. mikr. Amt., xxxvii, 1891, p. 16). 
This is the most important of all modifications of Golgi’s bichromate 
and sublimate method. Cox found that the sublimate and 
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bichromate can be used together, and that potassium chromate 
can be usefully added to the mixture in order to reduce the 
normally acid reaction of the bichromate, as otherwise axis- 
cylinders are not impregnated. He used a fluid consisting of 
20 parts of 5 per cent, potassium bichromate, 20 parts of 5 per 
cent, corrosive sublimate, 16 parts of 5 per cent, potassium 
chromate, and 60 to 40 parts of distilled water. To prepare it, 
the bichromate and sublimate are mixed together, the chromate 
diluted wnth the water and added to the mixture. 

One generally uses small pieces of tissues, but also relatively 
large ones can be employed, and whole brains of small animals 
particiiiarly if some of the fluid has been previously injected 
through the carotid or aorta. The duration of the impregnation 
is from two to three months, but material can be left in the 
mixture for much longer, certainly without danger and, very 
likely, with advantage. 

Mann (op. cit) recommends warming the mixture to the tempera- 
ture of the incubator and diluting it to one-half the strength 
advocated by Cox, particularly for material of adult subjects. 
Portions of the brain measuring 1 cm. in thickness or entire brains 
of young animals are placed by him on cotton- wool in this solution 
and left in the incubator for twenty-four hours, when the solution 
is changed. After a second change on the third day the vessel 
(which should contain the mixture in proportion of 80 : 1 of 
the brain) is sealed with vaseline and left in the incubator for 
at least a month, but preferably for two. Da Fano finds this 
way of carrying out the Golgi-Cox method very good, but, after 
incubating for a month or so, prefers keeping the vessel at room 
temperature, and cutting after another two or three months or 
longer. 

There is considerable difficulty in making and preserving 
sections which ought to be made either by free hand or by means 
of a freezing microtome after slight preliminary washing of the 
pieces with water, and impregnating them with 20 per cent, 
dextrin for one to three days as suggested by Mann. 

To convert the white mercury impregnation into a black one, 
Cox suggested treating the sections for an hour oi;. two with 
5 per cent, sodium carbonate, but 5 to 10 per cent, ammonia is 
now generally used. They are then thoroughly washed in distilled 
water, carefully dehydrated, cleared by one of the usual ways, 
and mounted, without a cover, either in thick xylol balsam or in 
the original medium suggested by Cox and composed of: 
Gum sandarac 75 grm., camphor 15, oil of turpentine 80, oil of 
lavender 22-5, alcohol 75, castor oil 5 to 10 drops. For examination 
add a drop of castor oil, and cover. 

1153. Methods for rendering Golgi-Cox Preparations more 
permanent. Various authors (see Sanders, 1898, in litL to A. B. 
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Lee, Vade-Mecum, 1913 ed., p. 433 ; Beemer, Anat Rec., iv, 
1910, p. 263) have proposed washing tissue treated according to 
Cox’s process in many changes of alcohol, and imbedding them in 
celloidin— this chiefly with the object of overcoming the difficulty 
of cutting brittle pieces by means of the freezing microtome, and 
also of rendering preparations more permanent by removing the 
excess of corrosive sublimate not utilised by the reaction, and which 
still permeates the tissues. As a matter of fact sections of pieces 
thus treated are very easily cut and can be transferred from one 
to another fluid without danger of injuring them. Moreover, they 
can be counterstained, and the impregnation keeps sufficiently 
well, particularly if sections are mounted without a cover-glass. 
But in such preparations, sometimes quickly, sometimes slowly, 
opaque granules and minute needle-like crystals almost always 
become developed. 

To avoid this Da Fano proposed {Proc, Physiol. Soc. Journ. 
Physiol., liv, 1921) to treat sections much in the same way as 
by the so-called process of toning and fixing Bielschowsky prepara- 
tions and the like. (See Da Fano, ibid., liii, 1920.) He proceeds 
thus : Pieces which, by a trial section, have been found well 
impregnated, are washed for some hours in distilled water and 
then brought, through many changes of alcohol of ascending 
strengths, into absolute alcohol, and then imbedded in celloidin 
in the usual way. The celloidin blocks are hardened in 70 per cent, 
alcohol, where they can be safely left for many days and weeks. 
Sections of the desired thickness are collected in 60 per cent, 
alcohol, transferred into distilled water and here thoroughly 
washed. They are then treated for flve to ten minutes with 5 per 
cent, ammonia and washed over again in two or three changes of 
distilled water. At this point toning is carried out by means of 
a slightly acidified 0-2 per cent, gold chloride solution, in which 
sections are left for ten or fifteen or twenty minutes, according to 
their thickness. After a quick washing in distilled water they are 
passed for three to five minutes into 5 per cent sodium hypo- 
sulphite and washed once more in distilled water. From this they 
are transferred successively into 30, 50, and 70 per cent, alcohols, 
to each of which 1 drop of saturated iodine tincture to every 5 c.c. 
of alcohol has been added. Sections remain in each alcohol ten to 
fifteen minutes and are lastly transferred into pure 70 per cent, 
alcohol. 

At this point the process is ended, and one can proceed to 
mount the sections in the usual way, or re- transfer them into 
distilled water, counterstain them lightly with a carmine solution, 
dehydrate with alcohols of ascending strength up to 95 per cent., 
pass them through two changes of carbol-xylol and mount them 
under a thin cover-glass in xylol-colophonium or balsam. If 
desirable and safe, the celloidin can be removed before definite 
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iBOunting by passing sections through absolute alcohol, and 
alcohol-ether if necessary. 

The process is simpler than the rather complicated platinum 
substitutions of Robertson and Macdonald (Journ. Ment Sc., 
xlvii, 1901, p. 327) and is so quickly and easily carried out that 
many sections can be manipulated at the same time. 

PROCESSES SIMILAR TO GOLGI’S METHODS OR SUITABLE 
FOR THE SAME PURPOSES 

1154. Ziehen’s Gold and Sublimate Method {Neurol. CentrbL, 
X, 1891, p. 65). Small pieces of fresh tissues are put into a 
large quantity of a mixture of equal parts of 1 per cent, corrosive 
sublimate and 1 per cent, gold chloride, and left therein for at 
least three weeks, preferably for several months up to five, by 
which time they will have become of a metallic red-brown colour. 
They are then gummed to a cork or wooden cube and cut without 
imbedding. Sections are treated either with Lugol’s solution 
diluted with 4 volumes of water, or with diluted tincture of 
iodine, until duly differentiated, then washed, dehydrated, and 
mounted in balsam. Both medullated and non-medullated nerve- 
fibres, as well as nerve-cells and neuroglia cells are stained. 

1155. Krohnthal’s Lead Sulphide Impregnation (NeuroL 
CenirU,, xviii, 1889 ; Ztschr. wiss, Mik,, xvi., 1899, p. 285). 
Pure formic acid is slowly added to a saturated solution of lead 
acetate till white crystals of lead formiate are abundantly formed. 
The mother liquid is filtered off, and the crystals are dissolved to 
saturation in distilled water. Equal volumes of this saturated 
solution of lead formiate and 10 per cent, formalin form the 
fixing fluid in which pieces of brain or spinal cord are left for five 
days. Tissues are then directly brought into a mixture of equal 
parts of 10 per cent, formalin and sulphuretted hydrogen. After 
a few minutes the first discolored portion of this mixture is 
poured off and replaced with fresh solution, in which pieces remain 
for another five days. They are then gradually dehydrated and 
imbedded in celloidin. Sections are cleared in carbol-xylol 
(1 : 1) and mounted in balsam under a cover. Nerve-cells and 
nerve-fibres are extensively impregnated. 

Corning {Anat. Anz., xvii, 1900, p. 108) hardens the tissues 
in 10 per cent, formalin and then brings them into the lead formiate 
which he buys from Merk. He prefers to cut without imbedding. 

1156. Wolter’s Chloride of Vanadium Process (Ztschr. wiss. Mikr., 
vii, 1891, p. 471). Central or peripheral nervous tissues are fixed in 
Kultschitzky’s solution, followed by alcohol as described in § 63. 
Celloidin sections, 5 to 10 thick, are mordanted for twenty-four 
hours in a mixture of 2 parts of 10 per cent, vanadium chloride and 
8 parts of 8 per cent, aluminium acetate. They are then washed for 
ten minutes in water, stained for twenty-four hours in an incubator in 
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Kuitschitzky’s hsematoxylin, and differentiated in 80 per cent, alcohol 
acidified with 0*5 per cent, of hydrochloric acid until slightly blue-red. 
The acid is then removed by washing with pure alcohol, and the sections 
dehydrated, cleared with origanum oil, and mounted in balsam. Axis- 
cylinders, nerve-cells and glia cells are stained, the myelin being coloured 
only when the differentiation in the acid alcohol has been insufficient. 

1157. Azoulay’s Ammonium Vanadate Process {Bull. Soc. AnaL, 
Paris i Ixix, 1894, 5th S., p. 924). Wash in water thin sections of 
material fixed in a bichromate solution and imbedded in celloidin. 
Lift a section on a slide and pour on it a few drops of 0-5 per cent, 
ammonium vanadate, wait a moment, pour off the stain, wash with 
a little distilled water and pour on the section a few drops of 2-5 per 
cent, tannin. After a few minutes pour off the tannin solution, wash, 
and start all over again, and so on until axis-cylinder and nerve-cells 
are stained dark green. Wash quickly, dehydrate and mount. These 
preparations photograph well. 

1158. Fajekstajn’s Haematoxylin (Poln. Arch. Biol. Med. Wiss., 
i, 1901, p. 189). Make sections, by means of the freezing microtome, 
of material fixed for two to seven days in 5 to 10 per cent, formalin. 
Transfer them into 0*25 to 0*5 per cent, chromic acid, and after twenty- 
four hours wash them well, and put them to stain for another twenty- 
four hours in 1 per cent, aqueous solution of haematoxylin. Differentiate 
by Pal’s method. 

1159. Nabias’ Method (C. R. Soc. Biol., Ivi, 1904, p. 426). Sections 
of material fixed in alcohol-corrosive sublimate or any other fixing 
agent easily allowing the penetration of iodine are treated until yellow 
with Lugol’s solution (Gram’s formula). They are then quickly washed 
and treated lor a few minutes with 1 per cent, gold chloride, quickly 
washed once more, and reduced in 1 per cent, watery solution of anilin 
oil or resorcin. Dehydrate and mount in balsam. 

1160. Lennhoff’s Processes {Neurol. Centrbl., xxix, 1910, p. 20). 
(1) Polychrome-methylene blue and potassium mlphocyanide method for 
axis-cylinders : Fixation not stated. Stain sections in polychrome 
methylene blue for two to five minutes, wash them in distilled water and 
transfer them for half to twenty-four hours into potassium sulpho- 
cyanide (strength not stated). Wash, dehydrate, clear, and mount in 
balsam. (2) Polychrome-methylene blue and potassium ferricyanide 
method for axis-cylinders and nerve-cells : Sections of material fixed 
in alcohol are treated as above, using potassium ferricyanide instead of 
the sulphocyanide. (3) Iron method : Sections are kept for thirty 
seconds in 2 c.c. of a 15 per cent, solution of tannin to which 3 drops of 
a 5 per cent, solution of oxalic acid have been added. Rinse them first 
in distilled water and then for a few seconds in 1 per cent, solution, of 
iron chloride imtil no further blackening occurs. Wash, dehydrate and 
mount in balsam. Axis -cylinders black, nerve-cells grey. 

For further references see last edition. 
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MYELIN STAINS 

1161. IroE Haematoxylin, According to A. Holies Lee (see 
1913 ed.) the simplest way of staining myelin is to make paraffin 
sections of formol material and stain them with Heidenhain’s 
iron hsematoxylin exactly as for centrosomes (say, twelve to 
fourteen hours in the mordant, six in the hsematoxyiin, and a 
few minutes for the differentiation). Sections best not over 15 /x. 
One may counterstain the cells with carmalum, but not for more 
than half an hour, or the hsematoxylin will be attacked. The 
stain is not so jesthetic as Weigert’s, but quite as sharp. Axis- 
cylinders are not shown. 

Regaud (C. E. Acad, Sc,, cxlviii, 1909, p. 861), but adding a 
chrome mordantage either concurrently with the formol fixation, 
or subsequently ; Nageotte (C, B, Soc, RioZ., Ixvii, 1909, p. 542) ; 
Houser {Journ, Comp, Neurol,, x, 1901, p. 65), and Spielmeyer 
{Neurol, Centrbl., xxix, 1910, p. 348 ; and his Technik d, mikrosk, 
Untersuch, d, Nervensy stems, 1924, p. 98), stain frozen sections 
of 25 to 35 p with Heidenhain’s iron hsematoxylin. Loyez 
(C. B, Soc, Biol,, Ixix, 1910, p. 511) makes celloidin sections of 
formalin fixed material, and after mordanting in iron alum, stains 
them in Weigert’s lithium carbonate hsematoxylin, preferably 
unripened, differentiates first lightly, till the grey matter begins 
to appear, in the iron alum, then washes, and differentiates 
further in Weigert’s borax ferricyanide ; this method is also 
satisfactory with paraffin sections ; Gilbert {Ztsch. wiss, Mikr,, 
xxviii, 1911, p. 279) mordants with iron alum, stains with molybdic 
add hcemaioxylin, and differentiates with the borax ferricyanide ; 
Stoeltzner {ibid,, xxiii, 1906, p. 329) mordants celloidin sections 
of formol material for five minutes in Liq, ferri sesquichlorati, 
stains in 0-5 per cent, hsematoxylin, and differentiates in the 
mordant or in borax ferricyanide. 

Weil (“ Textbook of Neuropathology,''^ 1946, Kimpton, London) 
uses frozen celloidin or paraffin sections from 20 to 30 ft thick. 
Frozen sections are placed in 70 per cent, alcohol for five to ten 
minutes and are then washed in distilled water before staining. 
The sections are stained at 55® G, for twenty to thirty minutes 
in equal parts of 4 per cent, iron alum and a 1 per cent, aqueous 
solution of hsematoxylin prepared from a 10 per cent, alcoholic 
solution at least six months old. After differentiation first in 
iron alum and then in a solution of borax 10 grm., potassium 
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ferricyanide 12-5 grm., distilled water 1000 c,c., the sections are 
washed three times in tap-water, a few drops of ammonia being 
added to the second washing water. If sections are over SO ft in 
thickness, Weil mordants first in 5 per cent, potassium bichromate, 
washes twice in tap-water before staining, and after differentiation 
treats them with J per cent, potassium permanganate and then, 
following a quick wash in tap-water, with a solution of oxalic 
acid 2*5 grm., sodium bisulphite 2*5 grm., distilled water 1000 c.c. 

Lillie {Arch. Path., xxxvii, 1944, p. 392), mordants formalin fixed 
material (not more than six months old) for two to four days in 5 per 
cent, potassium dichromate solution. He then imbeds in paraffin and 
cuts sections. He stains for forty minutes at 5o°C. in iron alum- 
haematoxylin (equal parts of one to five day old 1 per cent, alcoholic 
hsematoxylin and 4 per cent, iron alum) ; washes in water ; differen- 
tiates for one hour in 0-5 per cent, iron alum ; w'ashes in water, and 
treats for ten minutes in an aqueous solution of 1 per cent, sodium 
borate and 2-5 per cent, potassium ferricyanide. After washing in 
water he coimterstains for five minutes in 1 : 1000 safranin 0 in 1 per 
cent, acetic acid; washes in water, dehydrates, clears and mounts, 
using a sequence of acetone, acetone plus xylol, xylol two changes, 
and 60 per cent, xylol clarite. 

Gliveceona (Centrhh f. Allg. Path. u. Path. Anat., xxviii, 
1917, p. 521) places frozen sections cut at 15 to 20 ^ in 20 per 
cent, alcohol and then transfers them to 70 per cent, alcohol for 
ten minutes before staining for one hour in a freshly prepared 
mixture of 2 parts of a 1 per cent, solution of hsematoxylin in 
95 per cent, alcohol and 1 part of a solution containing liquor 
ferri perchloride 4 c.c., concentrated hydrochloric acid 1 c.c., 
distilled water 100 c.c. The sections are differentiated, after 
washing in tap water, in liquor ferri perchloride 8 c.c., con- 
centrated hydrochloric acid 1 c.c., distilled water 100 c.c. After 
washing in distilled water the sections are placed for fifteen 
minutes in water to which a few cubic centimetres of a concentrated 
aqueous solution of lithium carbonate have been added. 

Loyez’ and WeiFs methods are now widely used in pathological 
anatomy. If a colourless background is desired, stain for one to 
two hours at 45° to 50^^ C., and differentiate by acid alcohol, or 
by PaFs oxalic acid-sodium sulphite mixture § 1165). 

Benda’s Rapid Method (Berlin Min. Wochemchr., xl, 1903, p. 748). 
Sections of /omol material by the freezing process (alcohol being 
avoided) are stained (without ahy mordanting) for twenty-four hours in 
Boehmer’s haematoxylin, differentiated with Weigert’s ferricyanide, and 
mounted in balsam. Only recommended for peripheral nerves, or for 
preliminary examination of the central nervous system. 

Nageotte (C. R. Soc. Biol., Ixv, 1908, p. 408) recommends fixing in 
10 per cent, formalin to which is added from 1 to 7 per cent, sodium 
sulphate. The sections are cut by the freezing method, and stained 
for half an hour at 45° to 50° C. in Mayer’s femalurn, washed and 
differentiated in borax-ferricyanide. 
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1162. Weigert’s Methods. There have been, in all, three 
methods of Weigeet : the 1884< method, the 1885 method, and 
the 1891 method. 

The 1884 method {Fortschr, d, Med., ii, 1884, pp. 120, 190 ; 
Ztschr. wiss. Mih,, i, 1884, pp. 290, 564), which depends on the 
formation of a chrome lake of hsematoxylin, may be considered 
as superseded. Not so the two others, which depend on the 
formation of a copper lake in addition to the chrome lake. 

1163. Weigert’s 1885 Method {Fortschr. d. Med., iii. 1885, 
p. 236 ; Ztschr, wiss. Mikr., 1885, pp. 399, 484 ; Ergebn. Anat, 
vi, 1896 (1897), p. 10). The tissues are hardened in potassium 
bichromate. Weigeet takes {Ergebn., p. 10) a 5 per cent, solution 
and if time is an object hardens in a stove. (Other bichromate 
mixtures will do, e.g. Muller’s, Kultschitzky’s, Zenker’s ; Erlicki’s 
is not to be recommended.) The tissues are “ ripe ” for staining 
when the hardening has been carried to a certain point. They 
are first yellow, without differentiation of the grey matter from 
the white ; these are unripe. Later they show the grey matter 
light brown, the white matter dark brown ; and these are ripe. 

More recently {Ergebn., p. 14) he added to the bichromate 
solution 2 per cent, of chrome alum or of chromium fluoride, 
which hastens the hardening, so that small specimens become 
brown and ripe in four to five days, without stoving. 

After hardening, tissues are generally imbedded in celloidin 
and the blocks hardened in the usual way. They are then put, for 
one or two days, in an incubating stove, into a saturated solution 
of neutral copper acetate diluted with 1 volume of water. By 
this treatment the tissues become green and the celloidin bluish- 
green. They may then be kept, till wanted for sectioning, in 
80 per cent, alcohol. 

Sections are made, well washed in water, and brought into a 
stain composed of : — 

Hematoxylin . . . . 0*75 to 1 part. 

Alcohol ..... 10 parts. 

Water . . . . . 90 „ 

Saturated solution of lithium car- 
bonate ..... 1 part. 

They remain there, for spinal cords, two hours ; for medullary 
layers of brain, two hours ; for cortical layers, twenty-four hours. 

They are then again well washed with water, and brought into 
a decolorising solution composed of : — 

Borax 2-0 parts. 

Ferricyanide of potassium . . 2*5 ,, 

Water 200*0 „ 

They remain there until complete differentiation (half an hour 
to several hours), and are then well washed with water (running, 
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or changed several times), dehydrated, and mounted in balsam. 
They may be previously counterstained, if desired, with alum 

carmine. ‘ 

The method is applicable to the study of peripheral nerves as 
well as to nerve-centres, and also the study of lymphatic glands, 
skin (see Schieffeudeckee, Anat, Anz., ii, 1887, p. 680), bile 
capillaries, and other objects. 

The process is applicable to tissues that have been hardened in 
alcohol or in any other way, provided that they be put into a solution 
of a chromic salt until they become brown before mordanting them in 
the copper solution. 

It is not necessary that the mordanting be done in bulk. Max 
Flesch {Ztschr, wi$s» Mikr.^ iii, 1886, p. 50) prefers (following 
Lichtheim) to make the sections first, and to mordant them 
separately. 

Vassale (Riv. sperim. Freniatr.y xv, 1889, p. 102) ^r, 9 ^ stains 
the section in 1 per cent, haematoxylin for three to five minutes, 
then puts them for three to five minutes into saturated solution 
of copper acetate, and differentiates as Weigert. 

1164. Weigert’s 1891 Method {Deutsche med. Wochenschr., 
xvii, 1891, p. 1184). The material is hardened in bichromate 
and imbedded in celloidin (see last §). It is then (according to 
the latest form of the process {Enzycl, mik, Technih^ 1903, p. 942) ), 
put for twenty-four hours in a stove into a solution of parts of 
chromium fluoride, 5 of copper acetate, and 5 of acetic acid in 
100 of water.* 

Sections are then made and stained for from four to twenty- 
four hours at room temperature in a freshly-prepared mixture of 
9 volumes of (A), a mixture of 7 c.c. of saturated aqueous solution 
of lithium carbonate with 93 c.c. of water, and 1 volume of (B), 
a solution of 1 grm. of haematoxylin in 10 c.c. of alcohol (A and B 
may be kept in stock, but A must not be too old). The sections 
should be loose ones, and not thicker than 25 /x. They are then 
washed in several changes of water, and treated with 90 per cent, 
alcohol, followed by carbol-xylol, or by a mixture of 2 parts of 
anilin oil with 1 of xylol, then pme xylol and xylol balsam (not 
chloroform balsam). 

It was, however, found that preparations thus made, without 
differentiation^ did not keep well, and Weigert {Ergebn, Anat, 
iii, 1894, p. 21) reverted to the practice of differentiating with 
the borax-ferricyanide mixture. 

Later still {EnzycL mik. Technik., 1903, p, 942) he employed a 
stain composed of equal parts of (A), a mixture of 4 c.c. of the 
oflicinal Liquor ferri sesquichlorati P. G. with 96 of water, and 

♦ Instead of the chromium fluoride one may use chrome alum, as Weigert 
did at one time, and as some still do. But then one must boil, as directed for 
Weigert’s Neuroglia stain. 
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(B), a mixture of 10 c.c. of a 10 per cent, alcoholic solution of 
h^ematoxylin with 90 of 96 per cent, alcohol. The two (A and B) 
must be mixed immediately before use, and the sections should 
remain in the stain overnight or longer, then rinsed and 
differentiated as usual. This has the advantage of demonstrating 
very fine fibres, and of giving a colourless background. 

For difficult objects the differentiating liquid may be diluted 
with water, and gives better results than dilute acetic or hydro- 
chloric acids or the like, which were formerly recommended. 

By means of Weigert’s methods only the myelin sheaths of 
normal nerve-fibres are stained, whilst those of degenerated 
tracts are of a paler colour and, if the degeneration is sufficiently 
old, they may even be stainless. See also § 1185. 

P. Meyer (Neurol. CentrbL, xxviii, 1909, p. 353) hardened formol 
material in 5 per cent, potassium bichromate at 37° C. for from two 
weeks to several months, changing the mordant frequently, until the 
white matter was brown. After imbedding in celloidin, sections 50 [x 
thick are put first into Weigert’s gliabeize for twenty -four hours at 
37° C., then washed in 70 per cent, alcohol and stained for twenty-four 
hours in Weigert’s iron haematoxylin. They are differentiated first 
with diluted borax-ferricyanide solution and then, if necessary, with a 
stronger solution. 

For Sheldon's modification, which is also based on a formalin fixation, 
see Folia NeurobioL, viii, 1914, p. 1. 

MODIFICATIONS OF WEIGERT^S METHOD 

1165. Pal’s Method (Wien. med. Jahrb., N.F. i, 1886, p. 619 ; 
Ztschr. wiss. Mikr.^ vi, 1887, p. 92 ; Med. Jahrb,^ N.F. ii, 1887, 
p. 589). One proceeds as in Weigeet’s process, but omitting 
the copper bath. After staining in the haematoxylin solution, the 
sections are washed in water (if they are not stained of a deep 
blue a trace of lithium carbonate must be added to the water). 
They are then brought for 15 to 20 seconds into 0*25 per cent, 
solution of potassium permanganate, rinsed in water, and brought 
into a decolorising solution composed of : — 

Oxalic acid . . . . . 1-0 grm. 

Potassium sulphite (SO 3 K 2 ) . . . l-O „ 

Dist. water. . . . . . 200-0 e.c. 

In a. few seconds the grey substance of the sections is decolorised, 
the white matter remaining blue. If the differentiation is not 
complete the whole process can be repeated a second time, and 
so on. The sections should now be well washed out, and may be 
counterstained with Magdala red or eosin, or (better) with picro- 
carmine, acetic acid carmine, or alum carmine. 

Pal’s process gives brilliant results, the ground of the prepara- 
tions being totally colourless. Weigeet (Ergebn. Anal., vi, 1896, 
p. 21 ) considered it superior to his own for thick sections, but 
not so safe for very fine fibres. 
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Marcus stains by the Pai method sections of material hardened in 
formalin. 

Gudden (Netirol. CentrbL, xvi, 1697, p. 24) makes celloidin sections of 
material hardened in 5 to 10 per cent, formol followed by alcohol, treats 
them for 10 hours with 0-55 per cent, chromic acid, rinses with water, 
and treats with 80 per cent, alcohol ; then stains by the method of Pal. 
adding to the hasmatoxylin a few drops of dilute nitric acid (Minnich). 

Tschernyschew and Karusin (Ztschr, wiss, Mihr., xiii, 1896, p. 354) 
stain for twenty-four hours in Kultschitzky’s hsematoxylin. 

Pavlow {ibid.^ xxi, 1904, p. 14) uses the permanganate twdce as 
strong as Pal. Kozowsky (Neurol, Centrbl., xxiii, 1904, p. 1041) 
stains as Weigert, and differentiates the sections first with 1 per cent, 
permanganate, till the grey matter comes out brown, and finishes the 
differentiation with Liq, ferri sesquichlorati. Potter (Ztschr. wiss. 
Mikr., xxvii, 1910, p. 238) fixes in 10 per cent, formalin, cuts slabs 
15 mm. thick, and mordants these for fourteen days in Weigert’s 
gliabeize, washing out in increasing strengths of alcohol and imbedding 
in celloidin. Thin sections, down to 10 p, are stained for two and a half 
to three hours in Weigert’s iYonh 2 dmsLtoxylin,madewithout acid, washed 
in distilled water, and differentiated, first in 4 per cent. pot. perman- 
ganate, and then in borax-ferricyanide solution. 

Kaiser (Neurol. Centrbl,, xii, 1893, p. 364), Bolton (Journ. 
Anat. and Fhys.^ xxxii, 1898, p. 247), Wynn (ibid., xxxiv, 1900, 
p. 381) and Laslett (Lancet, 1898, p. 321) use osmic acid either 
as a 1 per cent, solution or as Marchi’s fluid as a mordant. Bolton 
also tried 2 per cent, ferric chloride, 2 per cent, iron alum, and 
amonium molybdate as primary mordants on frozen sections 
with good results. For details see early editions. 

1166. Kultschitzky’s Method (Anat. Anz., iv, 1889, p. 223 ; 
and V, 1890, p. 519). Specimens are hardened for one or two 
months in Erlicki’s fluid, imbedded in celloidin or photoxylin, 
and cut. Sections are stained for from one to three hours, or 
as much as twenty-four, in a stain made by adding 1 grm. of 
hematoxylin dissolved in a little alcohol to 100 c.c. of 2 per 
cent, acetic acid. They are washed out in saturated solution of 
lithium or sodium carbonate. Differ entioiion is not necessary, 
but by adding to the lithium carbonate solution 10 per cent, of 
a 1 per cent, solution of potassium ferri-cyanide and decolorising 
therein for two or three hours or more, a sharper stain is obtained. 
After this the sections are well washed in water and mounted in 
balsam. Myelin dark blue. 

WoLTERS (Ztschr. wiss. Mihr., Yii , 1890, p. 466) proceeds as 
Kultschitzky, except that he stains at 45° C, for twenty-four 
hours in 2 per cent, hsematoxylin with 2 per cent, acetic acid, 
after which the sections are dipped in Muller’s fluid, and 
differentiated by Pal’s method. 

Kaes (Neurol. Centrbi., x, 1891, p. 456) stains in Kultschitzky ’s 
hsematoxylin for two to tiiree days at 45*^ C., and differentiates 
the sections by Pal’s method in a porcelain dish, the bottom of 
which is perforated with fine holes. 
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Welters’ is bow the standard “ Weigert-Pal ” method. It is 
usual to use material which has been fixed in formalin for not 
less than ten days, slices of which | to | cm. thick are placed 
direct in the mordant. 

Perdrau transfers the sections after staining to a bowl of 
distilled water to which about 2 c.c. of a saturated solution of 
lithium carbonate have been added. They are stirred about several 
times and transferred into a fresh bath of the same solution if 
necessary, until the celloidin is all but colourless. He lastly 
differentiates, as by Pal’s method (§ 1165), washes, and counter- 
stains either in alum carmine for ordinary work or in an alcoholic 
solution of eosin if the preparations are to be photographed. 

1167. Mitrophanow {Ztschr. wiss. Mikr,, xiii, 1896, p. 470) mordants 
photoxylin sections for at least twenty-four hours at 40® C. in a mixture 
of equal parts of saturated aqueous solution of copper acetate and 90 
per cent, alcohol, stains for ten minutes in Kultschitzky’s hsematoxy- 
lin, and differentiates with Weigert’s ferricyanide fluid. 

1168. Anderson {Laboratory Journal, v, 1922, p. 65, and 
Stitt’s “ Pract. Bact. Bloodwork and Parasit,” 7th ed., London, 
1923, p. 630) has modified Kultschitzky’s method for frozen 
sections. He mordants sections for forty-eight to seventy-two 
hours at 37° C. in 90 c.c. of Weigert’s fluorchrome-bichromate 
mordant with 10 c.c. of 2 per cent, calcium hypochlorite ; transfers 
directly to Weigert’s copper mordant for ten to thirty minutes, 
washes and stains for one hour at 50° C. in hsematoxylin freshly 
made up in the following way. (Mix | grm. hsematoxylin crystals 
in 10 c.c. of absolute alcohol, add 3 c.c. of 2 per cent, calcium 
hypochlorite, distilled water to 100 c.c. and then 3 c.c, of glacial 
acetic acid.) He transfers directly to Muller’s fluid for ten to 
twenty minutes, washes well, and differentiates by Pal’s method. 

Anderson {Journ» Path. Boot, liv, 1942, p. 258), has a rapid 
method for staining myelin in traumatic neuromas. He cuts 
frozen sections at SO [m (freezing the tissue hard) and mordants 
at 50® C. for one hour in the following solution : 75 c.c. Weigert’s 
primary mordant (pot. bichromate 5, chrome fluoride 2*5, water 
100), 16 c.c. of 4 per cent, phospho-molybdic acid, and 8 c.c. of 
2 per cent, calcium hypochlorite (supernatant fluid). He washes 
in water and stains for thirty minutes in Kultschitzky’s haema- 
toxylin at about 50° C. He then transfers sections directly to 
2*5 per cent. pot. bichromate for two to three minutes, washes 
and differentiates by Pal’s method. The sections may be counter- 
stained either with van Gieson’s stain or with alum carmine as 
follows. Stain in Anderson’s alum carmine at about 50° C. for 
three-quarters to one hour, wash quickly in distilled water and 
transfer to 80 per cent, alcohol. Mount on slides, dehydrate in 
absolute alcohol, clear and mount in Canada balsam. 
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1169. Holmes (in Dyke, “ Recent Advances in Clinical Patlio- 
Dondon, 1947) also has a method foi* staining myelin 
sheaths in peripheral nerves. Fix in formol-saline for three days 
or more. Place tissue for two and a half days at C. in the 
following mordant: 1 grm. chromium fluoride, 3 grm. pot, 
dichromate, 100 c.c. distilled water. Transfer for twelve hours 
to 70 per cent, alcohol. Then dehydrate through the alcohols 
and clear in chloroform. Imbed in paraffin, section and mount 
on slides. Bring sections down to water and place for twenty- 
four hours at 37'' C. in Kultschitzky’s haematoxylin (ripened 
haematoxylin 10 per cent, solution in absolute alcohol, 10 c.c. ; 
distilled water, 90 c.c. ; glacial acetic acid, 2 c.c.). Wash for 
five minutes in running tap water, place for half to one minute 
in 0*25 per cent, aqueous pot. permanganate, rinse in distilled 
w^ater and treat for ten minutes with a mixture of equal volumes 
of 0*5 per cent, aqueous solutions of oxalic acid and potassium 
sulphite, examining slides at intervals under the microscope. 
Rinse thoroughly and counterstain in de Groot’s iron carmalum. 
Rinse, dehydrate, clear and cover. See also Gutmann and Sanders 
{Journ. of Physiol., ci, 1943, p. 489). 

1170. Berkley’s Rapid Method {NeuroL CentrbL, xi, 1892, p. 270). 
Slices of tissue of not more than mm, in thickness are hardened for 
twenty -four to thirty hours in Flemming’s fluid, at a temperature of 
25° C., then in absolute alcohol, then imbedded in celloidin and cut. 
After washing in water the sections are put overnight into a saturated 
solution of copper acetate (or simply warmed therein to 35° to 40° C. for 
half an hour). They are then washed and stained for fifteen to twenty 
minutes in a lithium carbonate haematoxylin similar to Weigert’s, 
warmed to 40° C., allowed to cool, and differentiated for one to three 
minutes in Weigert’s ferricyanide liquid, which may be diluted if 
desired with one-third of water. 

1171. Streeter {Arch. mikr. Anat., Ixii, 1903, p. 734) stains small 
nerve-centres in bulk (after mordanting in Weigert’s bichromate and 
fluoride mixture) with Weigert’s lithium carbonate ho&matoxylin (four 
to six days), washes for a couple of days in 70 per cent, alcohol, makes 
paraffin sections, and differentiates them by the method of Weigert or 
Pal. 

1172. Besta’s Ammonio-Chlonde of Tin Methods {Riv. Sperim. 
Freniatr., xxxi, 1905, p. 569). Pieces of peripheral nerves are fixed 
for one to three days in 100 c.c. of water with 25 of formol, and 4 grm. 
of Merck’s ammonio-chloride of tin, and then dehydrated and imbedded 
as usual. The sections may be stained in different W’ays : (a) For 
twenty-four hours in Mallory’s phospho-molybdic-carbolic-acid haema- 
toxylin with subsequent differentiation in Lugol’s solution ; (6) for 
thirty to sixty minutes in a very diluted solution of Delafield’s haema- 
toxylin and then for a minute in Held’s acetic solution of erythrosin ; 
(c) for five to ten minutes in erythrosin, and then for two hours in a 
mixture of equal parts of 1 per cent, hsematoxylin and 4 per cent, 
ammonium molybdate with 3 drops of acetic acid to every 50 c.c. of 
the mixture. 

1173. Gallein. Aronson {CentrbL med. Wiss*^ xxviii, 1890, p. 577) 
stains sections of material, hardened in liquid of Erlicki or Miiller and 
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mordanted with copper acetate, for twelve to twenty-four hours in a 
solution of 3 to 4 c.c. of gallein in 100 c.c. of water with 20 of alcohol 
and 3 drops of a concentrated solution of sodium carbonate. Sections 
are differentiated by the method of Weigert, or Pal. Nerve-fibres red. 
A second stain wdth methylene blue may follow (best after differentiating 
with potassium permanganate). Similarly Schrotteb {Centrhl. allg. 
Path,, xiii, 1902, p. 299). Schbotter (NeuroL Centrhl., xxi, 1902, 
p. 338) also stains sections for two to three hours in a 5 per cent, 
solution of sodium sulpkalizarinate, to which a few drops of 5 per cent, 
oxalic acid (enough to give an orange tint) are added, then differentiates 
until no more colour comes away in sodium carbonate solution of xdVu 
strength, and mounts in balsam. Myelin red, on a colourless ground. 
Toluidine Blue and Methylene Blue. Harris (Philadelphia Med. Journ., 
i., 1898, p. 897) stains sections (of material hardened as for Weigert’s 
stain) for several hours in a 1 per cent, solution of toluidine blue in 1 per 
cent, borax solution, and differentiates in saturated aqueous solution of 
tannic acid. Similarly, but with methylene blue, in a complicated way 
Fraenkel {Neurol. Centrhl., xxii, 1903, p. 766). Bing and Ellermann 
{Arch. Anat. Phys., Phys. Abth., 1901, p. 260) harden in 9 parts of acetone 
to 1 of formol, cut without imbedding, stain for five to ten minutes in 
saturated methylene blue solution, and put for one or two into saturated 
solution of picric acid. 

1174. Staining Normal Medullary Sheaths by Osmic Acid 
(Exner, Sitzb. Akad. Wiss. Wien., Ixxxiii, 1881, Abth. 3, p. 151 ; 
Bevan Lewis, “ The Human Brain,” 1882, p. 105). A portion of 
brain, not exceeding a cubic centimetre in size, is placed in 1 per 
cent, osmic acid, and after five to ten days is cut (best without 
imbedding). The sections are treated with ammonia (20 
drops to 50 c.c. of water), which clears up the general mass of 
the brain substance, leaving the medullated fibres black. The 
preparations are not permanent, unless (Ranvier, TraiU, 1 ed., 
p. 1086) they are fixed for a quarter of an hour in osmic acid 
vapour. Greenfield and Carmichael {Brain, Iviii, 1935, 
p. 483), found the above method the most satisfactory for the 
finest myelin sheaths in small peripheral nerves. These do not 
need to be left in the osmic acid for more than twenty-four to 
forty-eight hours and after sectioning in paraffin or celloidin are 
mounted from 95 per cent, alcohol in Gurr’s neutral-mounting 
medium, 

Bruesch {Stain Tech., xvii, 1942, p. 149) finds the vapour of osmic 
acid more satisfactory than the liquid for fixing and staining myelin 
sheaths of the larger pieces of tissue such as optic nerve. He suspends 
the tissue over a 2 per cent, solution of osmic acid in an airtight con- 
tainer for twelve to twenty-four hours at room temperature. He then 
places it in distilled water for four to six hours and dehydrates through 
the alcohols up to 95 per cent., transfers to ? 2 -butyl alcohol, imbeds 
in paraffin and cuts sections. 

1175. Azoulay’s Osmic Tannic Acid Methods {Anat. Anz., x, 1894, 
p. 25). (A) Sections of old Muller material are put for five to fifteen 
minutes into a solution of 1 : 500 or 1 : 1000 of osmic acid, rinsed with 
water, and put for two to five minutes into a 5 or 10 per cent, solution 
of tannin, warming them therein over a flame till vapour arises, or in 
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a stove at 50° to 55° C. Wash for five minutes in water, counterstain 
with carmine or eosin, and mount in balsam. If the sections are too 
thick it will be necessary to differentiate by Pal’s process, or with eaw 
de Javelle diluted with 50 volumes of water. (B) Material that has been 
in an osmic mixture (fluids of Flemming, or Marchi, or Golgi). Sections 
as before, then tannin bath, warming for three to ten minutes, the rest 
as before. Hellieb and Gumpebtz {Ztschr, wiss. Mikr,, xii, 1895, 
p. 385) give for peripheral nerves, and Helleb (ibid,, xv, 1898, p. 495) 
for central nervous system, the following method. Sections of Muller 
material are put into 1 per cent, osmic acid (twenty-four hours at 
37° C. for peripheral nerves ; ten to thirty minutes, at room tempera- 
ture, for central nerve-fibres). They are treated with pyrogailic acid 
(a photographic developer will do) till the nerve-fibres are black, then 
with a violet-coloured solution of potassium permanganate till the 
sections become brown, then with 2 per cent, oxalic acid till they become 
yellow-green. Wash out well between each operation. Hobebtson 
(Brit. Med. Journ., 1897, i, p. 651) hardens tissues in Weigert’s gliabeize 
for ten days or longer, and cuts sections either by freezing or after 
imbedding in celloidin. He places these in 1 per cent, osmic acid in 
the dark for half an hour, then in 5 per cent, pyrogailic acid for half an 
hour, and differentiates by Pal’s method. (This method was used 
exclusively for the sections reproduced in Bruce’s “ Aflsis of the Spinal 
Cord.”) Obb (Journ. Path, and Bact., vi, 1900, p. 387) stained the 
fine cortical fibres by fixing very thin slices of cortex for forty-eight 
hours in 2 per cent, osmic acid, 8 c.c. 1 per cent, acetic acid, 2 c.c., 
reducing the osmic acid in 10 per cent, formol, and imbedding in 
celloidin or paraifin. 

Finotti (Virchow's Arch., cxliii, 1896, p. 133) makes sections of 
material that has been in Muller’s fluid for not more than a few weeks 
or months, and puts them for four to ten hours (in the dark) into a 
freshly-prepared mixture of 1 or 2 parts of 1 per cent, osmic acid, and 
1 part of a concentrated solution of picric acid in one-third alcohol. 
For peripheral nerves ; myelin (normal), black. Wittmaack (Arch. 
Ohrenheilk, Ixi, 1904, p. 18) mordants till green (temporal bones) in 
90 parts of Muller’s fluid with 10 of formol and 3 to 5 of acetic acid, 
decalcifies with nitric acid and formol, treats sections (paraffin or 
celloidin) for a few minutes with 2 per cent, osmic acid, and reduces 
in 5 per cent, pyrogallol. 

1176. Iron. Allebhand (Neurol. CentrbL, xvi, 1897, p. 727) puts 
sections of Muller material for fifteen minutes into warm 50 per cent, 
solution of Liquor ferri sesquichlorati, then for an hour or two into 20 
per cent, tannin solution (old and brown). They are then differentiated 
by Pal’s method, using, however, the liquids twice as strong. 

An iron-alum process is described by Stbong in Journ. Comp. Neurol., 
xiii, 1903, p. 291. 

1177. Silver Nitrate. Vestabini-Ceesi (.4it Accad. Med. Chir. 
Napoli,!, 1896) hardens in formol, cuts thick sections, washes them with 
40 per cent, alcohol, puts them in the dark into 1 per cent, solution of 
silver nitrate in 40 to 70 per cent, alcohol, then washes thoroughly. 

Similarly, Mosse (Arch. mikr. lix, 1902, p. 401), impregnating 

bichromic material with 1 per cent, solution of argentamin, and reducing 
in 10 per cent, pyrogailic acid, and differentiating by the method of Pal, 

. MYELIN AND AXIS-CYLINDER STAINS 

1178. Methylene Blue. Sahli (Ztschr^ miss. Mikr., ii, 1885, p. 1) stains 
sections of tissue hardened in bichromate for several hours, in con- 
centrated aqueous solution of methylene blue, rinses with water, and 
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stains for five minutes In saturated aqueous solution of acid fiicksin. 
If now the sections are rinsed first with water, then for a few seconds in 
a 1 : 1000 alcoholic solution of caustic potash, and lastly brought into a 
large quantity of water, the stain becomes differentiated, axis-cylinders 
being shown coloured red and the myelin sheaths blue. 

Or (Md,^ p. 49), the sections are stained for a few minutes or hours 
in ;— ■ ■ ■ ■ 

Water . . . . , . . . 40 parts. 

Saturated aqueous solution of methylene blue 24 „ 

5 per cent, solution of borax . , . 10 „ 

then washed either in water or alcohol until the grey matter is distinctly 
differentiated from the white substance, cleared with cedar-wood oil, 
and mounted in balsam. Preparations similar to those obtainable by 
Weigert’s method. 

1179. Acid Fuchsin, Finotti (Virchow's Archiv.y cxliii, 1890, p. 133) 
stains strongly in Delafield’s haematoxylin, then for a few seconds in 
concentrated solution of picric acid, then in 0*5 per cent, acid fuchsin, 
and treats lastly with alkaline alcohol. Ohlmacher (Jourfi, Exper, 
Med., ii, 1897, p. 075) stains sections for one minute with gentian violet 
in anilin water, then for a few seconds in a 0*5 per cent, solution of acid 
fuchsin in saturated solution of picric acid diluted with 1 volume of 
water, and differentiates with alcohol and clove oil. Kaplan (Arch, 
Psychiatr., xxxv, 1902, p. 825) mordants for months in Muller, stains 
sections for a day or more in | per cent, aqueous solution of acid fuchsin, 
rinses in water acidulated with HCl, and differentiates by the method 
ofPaL 

1180. Safranin. Adamkiewicz (Sitzb, Akad, Wiss. Wien. Math. 
Naturw. KL, Ixxxix, 1884, Abth. 3, p. 245) stains sections of Muller 
material in concentrated solution of safranin, differentiates in alcohol 
and clove oil, brings back again into water, washes in water acidified 
with acetic acid, and stains in methylene blue. Myelin red, nuclei violet. 

Similarly, Ciaglinski (Ztschr. mss. Mi/cr., viii, 1891, p, 19) and 
Stboebe (ibid., x, 1893, p, 384), the former employing safranin fol- 
lowed by anilin blue, whilst the latter first stains with anilin blue, then 
differentiates with alcohol containing a very little caustic potash, and 
counterstains with safranin. Congo Red. Nissl (Ztschr. wiss. Mikr., 
iii, 1886, p. 398) stains for three days in Congo red (5 parts to 400 of 
water) and differentiates in alcohol with 3 per cent, of nitric acid. 

1181. Other Methods. Rothig’s Vital-Scharlach VIII Counterstain 
(Neurol. Centrbl., xxxiii, 1914, p. 219, and xxxiv, 1915, p. 265). Sections 
stained and differentiated by Weigert-PaFs method are kept for 
twenty-four hours at room temperature in a counterstaining fluid 
consisting of 90 c.c. of distilled water and 10 to 20 c.c. of a solution 
of Vital-Scharlach VIII, saturated at room temperature. They are 
then washed in distilled water for fifteen minutes and differentiated 
in 70 per cent, alcohol for from one or two hours up to twenty-four, 
when the celloidin will be found to be colourless. After another wash 
in 96 per cent, alcohol, sections are mounted as usual. Nerve-cells and 
their processes, as well as axis-cylinders red, the latter being visible 
within the deep blue myelin sheaths. 

The method does not succeed if the sections were previously treated 
with an osmic acid solution. Vital-Scharlach VIII may also be used 
as a general stain, in which case the finished preparations are similar 
to those obtainable by the usual carmine stains. 

Paladino’s palladium chloride methods ; see Rendic. R. Accad. 
Scienze, Napoli, iv, 1891-, p. 14 ; Arch. Ital. Biol., xvii, 1892, p. 145, 
and xix, 1893, p. 26. 
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For WOLTERS’ mnadium chloride process, see next chapter. 

Zosm^smage^ntaredmethod; see 7S?‘ewroL Ccwir&l., xxi, 1902, p. 207. 

Perusini’s remarks and methods for the study of the white substance 
of the spinal cord ; see Journ, FsychoL NeuroL, xix, 1912, p. 61, 

METHODS FOR DEMONSTRATING DEGENERATED NERVE- 
FIBRES AND THE PRODUCTS OF MYELIN DEGENERATION 

1182. Among the most satisfactory methods of demonstrating 
degeneration of myelin in either the central or peripheral nervous 
systems, must be connted such fat stains as Scharlach R or Sudan 
III. These can only be used for formol fixed material and either on 
frozen sections or after imbedding in gelatine as recommended by 
Koch (BerL Klin. Wochenschr^^ li, 1914, p. 422). Sudan IV ^ is a 
valuable stain for the nervous system as it stains myelin and the 
lipoids which result from its breakdown, as well as the lipoid 
pigment which is commonly found in nerve cells. All these 
lipoids may of course also be stained by osmic acid, but Sudan IV 
has the advantage over osmic acid that the colour taken up by 
the lipoid differs to some extent according to the complexity of 
the lipoid. Thus normal myelin stains yellow, terracotta or 
almost orange, whereas fat and fatty acids stain bright red. 
Cholesterin remains colourless. Similarly the intracellular lipoid 
varies in colour according to its complexity, staining faint pink 
in amaurotic family idiocy, and bright orange red in some forms 
of senile dementia. Sudan IV is frequently combined with alum 
hsematoxylin which is not only a nuclear stain but, as has been 
seen (§ 1161) also stains myelin in frozen sections. When 
differentiated with acid alcohol the nuclei lose the stain before 
the myelin sheaths. It is therefore necessary to avoid over- 
staining and to use a progressive stain rather than to overstain 
and differentiate as is the common practice. 

Sudan IV, with or without a nuclear stain, may also be used 
after silver staining for nerve fibres, neuroglia or microglia or for 
connective tissue. 

The lipoids after being stained with Sudan IV may also be 
examined under polarised light ; this method is of value in 
differentiating the stages of myelin katabolism, since most of the 
earlier breakdown products of myelin are anisotropic, whereas 
the later, simpler lipoids' are chiefly isotropic. Cholesterin crystals 
can also be distinguished as they are anisotropic but colourless. 
For anatomical work, however, Marchi’s method or one of its 
modifications is to be preferred, as the degenerated fibres are 
stained black and stand out sharply against a yellowish back- 
ground. Osmic acid, as in the Marchi method, undoubtedly 
stains some of the earlier products of myelin degeneration, which 
are not demonstrated with Scharlach, but it has several disad- 
vantages. Among these are the difficulty of penetrating the 
* Sudan Black better. — ^Ens. 
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blocks thoroiiglily with the osmic acid, the tendency for black 
grannies to appear on any fibres, which have been damaged post- 
mortem, by stretching or bending, and the lack of permanency 
of the preparations when mounted in Canada Balsam. To avoid 
these troubles it is necessary to pay great attention to detail in 
carrying out the methods, and even then the results are some- 
times disappointing. Failure of penetration may be avoided 
by using plenty of osmic acid on very thin blocks of tissue or on 
frozen sections, or by the addition of nitric or acetic acid as recom- 
mended by Vassale and Orr. Mounting direct from 95 per cent, 
alcohol in an alcoholic resinous medium, such as Gurr’s neutral 
mounting medium or “ euparal,” which avoids strong fat solvents 
such as benzene, chloroform or xylol, renders the stain more 
permanent. 

1183. Marchi’s Method {Riv. Sperim. Fren., xii, 1886, p. 50). 
Small pieces of nervous tissue are hardened for a week in Muller’s 
solution, and then put for a few days into a mixture of 2 parts 
of Muller’s solution and 1 part of 1 per cent, osmic acid. Sections 
are cut, best without imbedding, and mounted in balsam. The 
myelin sheaths of normal nerve fibres take a yellowish-brown 
colour, those of degenerated fibres a black one. 

For a critical review of this method and its modifications, see 
Weigert (Ergebn. AnaL, vii, 1897 (1898), pp. 1-8) ; Matxjszewski 
{Arch, path, AnaL, clxxix, 1905, p. 12) ; De Lange (Le Nevraxe^ x, 
1908, p. 83) ; and Lewy {FoL NeurohioL, ii, 1909, p. 471.) De LaNge 
suggests putting pieces 3 to 4 mm. thick first for a few days into a 
mixture of 3 parts Muller’s fluid -}- 1 part of 1 per cent, osmic acid, 
strengthening the osmic gradually up to equal parts of 1 per cent, 
osmic acid and of Muller’s fluid. Orr (Journ, Path, and Bact,, vi, 
1900, p. 387) recommends original fixation for from two to four weeks 
in Miiiler’s fluid, from which thin pieces are put into 2 per cent, osmic 
acid 8 c.c. 4- 1 per cent, acetic acid 2 c.c. Vassale {Arch, Ital, BioL^ 
xxvii, 1897, p. 131) takes 75 c.c. of Muller’s solution, 25 c.c. of 1 per cent, 
osmic acid, and 20 drops of nitric acid. Teljatnik {Neurol, CenirbL, 
xvi, 1897, p. 521) puts fresh pieces of brain 15 mm. thick into weak 
Marchi’s fluid and then into a more concentrated solution. Nissl 
{EncycL mik. Technik,, ii, p. 248), holding that alcohol attacks the 
myelin, cuts without imbedding, and hurries sections through alcohol 
and bergamot oil into balsam. Ramon y Cajal {Trab, lab, Biol, Madrid, 
ii, 1903, p. 93) has a complicated method of treating March! material, 

Busch {Neurol Centrhl, xvii, 1898, p. 476), puts thin slices of 
formol fixed material directly into a solution of 1 part osmic acid, 
3 parts of sodium iodate and 300 of water. This method gives 
the same results as Marchi’s, except that the background remains 
almost colourless. Penetration often appears to be more rapid, 
but irregular black granules are sometimes found throughout the 
tissue. This appears to be due to some impurity in the formalin 
or to too long fixation. It can be avoided by thorough washing 
of the material before it is placed in Busch’s fluid or by refixation 
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for a few days in Muller’s fluid, thereafter washing out before 
treating with osmic acid. 

Swank and Davenport {Stain Tech., x, 1935, p. 87), after 
fixing in 10 per cent, formalin for forty-eight hours, cut the tissues 
to be stained into blocks 3 mm. thick and place them in 
1 per cent, potassium chlorate . . 60 c.c. 

1 per cent, osmic acid . , . . 20 „ 

glacial acetic acid . . . , 1 „ 

37 per cent, formaldehyde gas solution 

(Merck’s reagent) . . . . 12 „ 

using about 15 volumes of reagent to 1 volume of tissue and 
staining for seven to ten days. The blocks are then washed in 
running water for twelve to twenty-four hours, dehydrated and 
imbedded in celloidin. After cutting, sections may be counter- 
stained in 1 per cent, aqueous cresyl violet for three to four 
minutes. They are washed in 70 per cent, alcohol and differen- 
tiated in acid alcohol or in equal parts of 95 per cent, alcohol and 
butyl alcohol, washed thoroughly in several changes of 95 per 
cent, alcohol, then passed through butyl alcohol and mounted in 
Canada balsam. 

Glees {Brain, Ixvi, 1943, p. 229) describes a modification of 
Swank and Davenport’s method, for use with frozen sections. 
We have found this very satisfactory. The tissue is fixed for not 
more than forty-eight hours in 10 per cent, formalin (neutral). 
Slices are cut and placed for ten minutes in KCIO3 to remove 
excess of formalin. They are then put into the osmic acid solution 
(as used by Swank and Davenport, 1935) for about ten days. 
The slices are next washed in running water for several hours, 
and sections are cut on the freezing microtome at 60 to 90 ja. 
Sections can be counterstained with toluidine blue or light green. 
Sections are taken through 96 per cent, alcohol, cleared in 
creosote and mounted with Canada balsam. 

Pseudo-Marchi granules are rarely seen with this method. 

Venderovic {Anat. Anz., xxxix, 1911, p. 414) washes out the 
formalin thoroughly and lays slabs 2 to 5 mm. thick on several 
layers of filter paper in glass bottles which are then filled with 
Busch’s fluid. The sections are occasionally turned over so that 
penetration may take place from both sides. Large pieces are 
kept in this a month or more, changing Busch’s fluid occasionally, 
Steensland (Alnat viii, 1914, p. 123) recommends clearing 
sections of March! material with oleum origani cretici and mounting 
in chloroform-balsam. These methods which do not involve the 
use of Muller’s solution, have the advantage that the tissue is less 
brittle and can be cut by the frozen section method. 

1184. Hurst has suggested a March! method for frozen sections 
which has been modified by R. J. C. Stewart {Journ. Path, and 
BacL, xliii, 1936, p. 339). 
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He cuts frozen sections' at 30 {x from formalin fixed tissues. The 
sections are washed for one and a half hours in many changes of distilled 
water and are' then placed in 2*5 per cent, potassium bichromate for 
twenty-four hours at 21“ C., After washing in distilled water until the 
yellow colour has almost disappeared the sections are immersed in 1 per 
cent, osmic acid in the dark for sixteen to thirty-six hours at 21“ C. 
(overnight usually suffices). They are then washed for five minutes 
in two changes of tap-water and are differentiated, if necessary, in 
0 05 per cent, potassium permanganate, followed by Pal’s solution, 
subsequently being washed in many changes of tap-water, dehydrated 
and mounted in Gurr’s neutral medium. Stewart recommends ringing 
the coverslips with Kronig’s Deckglaskitt to prevent crystallisation 
of the mounting medium. (This may be prepared by gradually adding 
8 parts of collophonium resin to 2 parts of melted paraffin wax of 
melting point 54° C., mixing thoroughly and allowing to cool). 

Mettlee and Hanada {Stain Tech., xvii, 1942, p. Ill) discuss some 
of the difficulties encountered in the use of the Marchi method. 

1185. Other Methods for demonstrating Degenerated Myelin. 
Loreain Smith and Mate (Journ. Path, and BacL, xiii, 1909, 
p. 14) found that tissue which had been kept for an excessive 
length of time in strong chrome solutions gave, when treated 
by Weigert’s myelin stain, the same picture as by the Marchi 
process, i.e., only the degenerated myelin stained. They kept 
frozen sections for varying times up to twenty-four days at 
87® C. in a saturated solution of pot. bichromate, later staining 
them with Kultschitzky’s haematoxylin and differentiating with 
borax-ferricyanide. 

Later (Joum. Path, and Pact., xxiv, 1921, p. 364 ; xxv, 1922, 
pp. 143-403) they found that they could over-mordant sections 
in the same way with various aldehydes, and even with formal- 
dehyde if it contained paraformaldehyde. 

Hukst {Brain, xlviii, 1925, p. 1) applied a similar method to 
the study of degenerating lipoids, mordanting frozen sections in 
WeigerPs fluorchrome-hichromate mordant at 37® C. for varying 
periods from two to six days, and thereafter staining (one hour 
at 50® C.) and differentiating as Wolters. He found that myelin 
stains best after one or two days’ mordanting and fatty acids after 
two or three days, whereas after four to six days’ mordanting only 
neutral fat was stained. 

Loreain Smith {Journ. Path and Bact., xi, 1906, p. 415) stained 
fats in frozen sections with a mixture of basic anilin dyes and 
sulphurous acid. This method depends on the conversion of 
neutral fats to fatty acids which combine with the dye. K.. J. C. 
Stewart {Journ. Path, and Bact, xliii, 1936, p. 389) has success- 
fully used the following modification : frozen sections of formalin 
fixed tissues are washed in tap-water for five minutes and placed 
in equal parts of 2 per cent, oxalic acid and 2 per cent, potassium 
sulphite for two to three minutes. They are then stained in 
0-025 per cent, methylene blue for one hour and subsequently 
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returned to the above bath for differentiation which should be 
controlled under the microscope ; this is usually complete in six 
or seven minutes. The sections are again washed in tap-water, 
placed in 5 to 10 per cent, acid ammonium molybdate solution 
for three or four minutes and then transferred to a solution of 
equal parts of glycerine and saturated ammonium picrate in 
distilled water. They are mounted in glycerine jelly to which a 
little ammonium picrate has been added. 


CHAPTER XLIII 


NEUROGLIA AND SENSE ORGANS 
NEUROGLIA^ 

1186, Introduction. Neuroglia cells may be isolated by teasing 
after maceration in weak solutions of potassium bichromate or 
SB per cent, alcohol, and then stained, preferably by means of 
dilute picrocarmine or other carmine solutions. They may be 
studied, also, in sections made from non-imbedded material fixed 
in solutions of chromic salts and stained with carmine, nigrosin, 
orcein and so on. Sections made from either fresh material 
hardened by the ether freezing method and treated with a weak 
solution of osmic acid (§ 42), or from tissues hardened in 
potassium bichromate, can be advantageously stained with watery 
solutions of anilin-blue-black or nigrosin. Also, sections cut from 
material fixed, hardened and imbedded by the usual methods 
may, up to a point, be employed for getting a general, though 
incomplete, view of the amount and arrangement of the neuroglia 
in a given nervous organ. Iron hgematoxylin, particularly after 
fixation in corrosive sublimate or other fluids containing it, gives 
good results with sections of central neiwous organs of lower 
vertebrates, chiefly of fishes. 

See Golgi, Opera Omnia, i, pp. 1 and 3 to 70 ; ii, p. 461 ; Ranvier, 
Traite, etc, ; Bevan Lewis, “ The Human Brain ” ; E. Muller, Arch, 
mikr. Anat., Iv, 1900,p. 11 ; STVBmcKA,Anat Hefte, xv, 1900, p. 316, 
and the literature quoted therein. 

But the best method for the study of morphology and relation- 
ship of ependyma cells and astrocytes has been for many years, 
and in a sense still is, Golgi’s rapid process (§ 1137), the best 
material being that which has been placed for about two or three 
days in the osmic-bichromic mixture. 

This method, however, does not allow of any tinctorial differ- 
entiation, either between neuroglia cells and nerve-cells, or 
between neuroglia cells and neuroglia fibres. One might even say 
that it is unsuitable for the demonstration of the latter, the 
existence of which was clearly established only after the publica- 
ting of Weigert’s method (see next §), the first and, perhaps even 
now, most important of aU so-called specific processes for staining 
neuroglia fibres. 

But the Weigert method, whilst staining neuroglia fibres and 
nuclei of neuroglia cells intensely and, up to a point, specifically, 

* J. G. G. and P. M. D. 
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leaves the cell-bodies of the latter entirely unstained. It conse- 
quently led to the erroneous conclusion that the processes of 
neuroglia cells were one and the same thing as the neuroglia fibres 
shown by the iiewv method, and that the latter were, in the 
adult state, only contiguous to — -viz., independent of — the cell 
body. 

Efforts were, therefore, made to discover new methods suitable 
for the study of neuroglia fibres and neuroglia cells and their 
reciprocal relations. Many modifications of Weigert’s neuroglia 
stains, the methods of Benda, Mallory, Anglade and Morel, 
Held, Rubaschkin, Da Fano, etc., may be considered as the 
direct outcome of such efforts. 

None of these methods, however, was sufficient entirely to 
solve the problems resulting from Weigert’s discovery and from 
the comparison between the results attainable by the new neuroglia 
stain and Golgi’s process. 

Of these the most obvious difficulty arose from the fact that 
many neuroglia cells were stained in the cerebral cortex by 
Golgi’s method which were not revealed by Weigert’s stain. 
Ram6n y Cajal in 1913 published his gold-sublimate method 
which stained all the neuroglia cells electively and revealed the 
structure of the cortical cells as well as those which Weigert’s 
method showed. It proved that the cortical neuroglia cells 
differed in structure from the majority of the neuroglia cells 
found elsewhere in the nervous system. The term ‘‘ 'protoplasmic 
neuroglia ” was then applied to those cells, which do not contain 
the fibres demonstrated by Ranvier and Weigert, and the term 
'’\fibrous neuroglia ” to those which do. 

This distinction between the two forms of astrocyte does not 
exclude the possibility that astrocytes which are normally proto- 
plasmic may, under pathological conditions, form Ranvier- 
Weigert fibres. For this and other reasons it is valuable to have 
specific stains for these fibres which do not stain the processes of 
protoplasmic astrocytes. Of these the most valuable are Weigert’s 
method and its derivatives (Victoria Blue, Holzer, etc.), Mallory’s 
phosphotungstic acid hsematoxylin and his connective tissue 
methods, and derivatives of these (Masson’s trichromic, Azan, 
etc.). By these methods fibrin stains in the same way as neuroglial 
fibres, and the tonofibrils of epithelial cells and ■ fibroglial ” fibres 
are also stained by phosphotungstic acid hsamatoxylin. While 
these potentialities rob the stains of complete selectivity, they 
do not prevent them being very valuable methods of studying 
fibrous astrocytes. 

The processes of protoplasmic astrocytes can be stained not 
only by Cajal’s gold-mercuric chloride method, but also by silver 
methods introduced later by Achucarro and Dei Rio-Hortega. 
All of these methods stain also the processes of fibrous astrocytes, 
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and when successful show differentiated Ranvier-Weigert fibres 
running in these processes. 

Achucarro and Del Rio-Hortega by modifications of these 
methods succeeded in staining the processes of two other cell 
forms which older writers had called ‘‘ satellite cells ’’ or “ un- 
differentiated glial cells.” There is now general agreement on the 
distinction of these two cell types, the oligodendroglia ^^ or 

interfascicular glia ” which is a true neuroglial cell, and the 

mieroglia^^ which appears to be mesodermal in origin and to 
be a specialised type of reticulo-endothelial cell. It may be 
stated here that the staining methods for microglia also succeed 
with the reticulo-endothelial phagocytes elsewhere in the body. 

It may be said at once that none of these cells except the 
fibrous neuroglia cells can be stained in their entirety by any 
anilin stain. For their demonstration the only methods so far 
successful have been impregnations with metals such as silver, 
gold or platinum. Ford Robertson appears to have been the first 
to stain the oligodendroglia by a platinum method {Scottish Med, 
dt Surg, Journ,^ 1899). Further modifications of these methods 
have demonstrated rounded bodies or gliosomes on the cell- 
bodies and processes of the fibrous, protoplasmic and interfascicular 
glia, but not on the microglia. 

For minute technical details and some of the less commonly 
used methods, the original papers quoted in the following para- 
graphs should be consulted as well as Nissl (Enzykl. 7nih, Techn., 
ii, 1910, pp. 280 to 283) ; Bonome {Atti R. Inst, Veneto Sc., Ixvii, 

1909) . 

METHODS FOR FIBROUS NEUROGLIA 

1187. Weigert’s Neuroglia Stain (Weigert’s Beitr, zur 
Kenntniss d. norm, mensck. Neuroglia, Frankfurt-a.-Main, 1895 ; 
and the article ‘‘ Neurogliafdrbung ” in Enzykl. mik. Technik. ii, 

1910) . Pieces of very fresh tissue of not more than | cm. in 
thickness are put, for at least four days, into 10 per cent, formol. 
They are then mordanted for four or five days at 36° to 37° C. 
(or for at least eight days at the temperature of the laboratory) 
in Gliabeize a solution containing 5 per cent, of neutral 
copper acetate, 5 per cent, of acetic acid, and 2J per cent, of 
chrome alum, in water. (Add the alum to the water, raise to 
boiling point, and add the acetic acid and the acetate, powdered, 
or, instead of chrome alum, take chromium fluoride, which 
obviates the necessity of boiling.) If preferred, the mordant may 
be dissolved in the formol solution, so that the hardening and 
mordanting are done at the same time. 

After mordanting, the tissues are washed, dehydrated, im- 
bedded in celloidin, and cut. The sections (not too thick) are 
treated for ten minutes with a | per cent, solution of potassium 
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permanganate and well washed in water. They are then treated 
for two to four hours with a solution of “ chromogen.” This is a 
napththaline compound prepared by the Hoechst dye manufac- 
tory. The solution to be used is prepared as follows : 5 per cent, 
of “ chromogen ” and 5 per cent, of formic acid (o/ 1’20 sp, gr., 
about four times as strong as the officinal) are dissolved in water, 
and the solution carefully filtered. To 90 c.c. of the filtrate, 10 c.c. 
of a 10 per cent, solution of sodium sulphite are added. 

After this the sections are put till the next day into a saturated 
(about 5 per cent.) solution of “ chromogen.” (According to 
Bolles Lee, Pal’s potassium sulphite may be used instead of the 
“ chromogen.”) 

They are next carefully washed and stained. This is best 
done on the slide. The stain is a warm-saturated solution of 
methyl violet in 70 to 80 per cent, alcohol (to which, after cooling 
and decanting, there may be added, if desired, 5 per cent, of a 
5 per cent, aqueous solution of oxalic acid). The sections are 
treated with this for from a few seconds to one minute, and 
mopped up with blotting-paper, then treated for an instant 
with saturated solution of iodine in 5 per cent, potassium iodide. 
They are then differentiated till clear and light blue with a 
mixture of equal parts of anilin oil and xylol, washed thoroughly 
with pure xylol, and mounted in balsam or, preferably, in tur- 
pentine-colophonium. 

Glia fibres and nuclei blue, cytoplasm stainless. 

This method only gives good results with the human subject. 

1188. Holzee {Zeitf. d. ges, Neur, u. Psych., Ixix, 1921 p. 854) 
treats frozen sections of formalin material first for half to one and 
a half minutes with a mixture of 1 part of | per cent, phospho- 
molybdic acid and 2 parts of 96 per cent, alcohol, floats them 
on to a slide out of this solution, blots with filter paper wetted 
with a mixture of 2 parts absolute alcohol, and 8 parts of chloro- 
form and stains with a solution of 0-5 grm. crystal violet in 2 c.c. 
of alcohol and 8 c.c. of chloroform. Wash off the stain with 10 
per cent, watery pot- bromide solution. Blot once with filter 
paper wet with a mixture of 4 c.c. anilin, 6 c.c. chloroform, and 
1 drop of 1 per cent. HCl, and differentiate further with this 
solution. Wash thoroughly with xylol and mount in balsam. 

Spielmeyer (Tech, der mik. Unter des Nervensystems, Berlin, 1924) 
recommends using a stain composed of 5 parts of a saturated alcoholic 
solution of methyl violet, 10 parts of absolute alcohol, and 85 parts of 
5 per cent, phenol. 

1189. Modifications of Weigert’s Method. See also Maeloby 
(Joum. ExpeT. Med.,im7,p.Bn2), 

Storch (Virchow^ s Afchiv., clvii, 1899, p, 127). 

Bartel (Zfecfc zom. xxi, 1904, p. 18). 

WiMMER (Centfbl allg. Pathol u. Pathol Anal., xvii, 1906, p. 566). 

Galesescu (C. B. Soc. de Biol,, Ixv., 1908, p. 429) fixes tissue first for 
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five 'hours in fi per cent, sublimate and then for forty-eight hours at 
37° C. in 3 parts of Fol’s modification of Flemming’s chromi-osmo- 
acetic acid with 1 part of 7 per cent, sublimate, changing the fluid two 
or three times. After washing for two hours in running water the pieces 
are passed first for twenty-four hours into acetone to which a little 
tincture of iodine is added, then into pure acetone and imbedded in 
paraffin. Sections 3 to 4 ft thick, are put into a 5 per cent, solution of 
methyl violet 5B, in 80 per cent, alcohol, adding to each 20 c.c. of this 
stain 1 c.c. of 5 per cent, oxalic acid. Stain first in the cold for ten 
minutes and then warm gently over the flame for five minutes. Pour 
on Gram’s iodine, heating again slightly, blot thoroughly with filter 
paper and decolorise with equal parts of xylol and anilin oil. 

Anglade AND Moked’s VICTORIA Blue Method (Rev, NeuroL^ ix, 
1901, p. 157). Harden the tissue as Galesescu, and stain paraffin 
sections in a saturated aqueous solution of Victoria blue, heated till it 
steams ; rinse with Gram’s fluid, and differentiate, without washing, 
in xylol 1 part, anilin 2 parts. Wash well in xylol and mount in 
balsam. Simplei, applicable to lower animals and gives very sharp 
pictures, 

Lhermitte and Guccione (Semaine Med., xxix, 1909, p. 205) have 
the following modifications of Anglade and Morel’s method. Sections 
made by the freezing method from formalin material are collected in 
distilled water and then kept for two hours in a cold saturated solution 
of sublimate and for two days in a mixture consisting of 3 parts of 
1 per cent, osmic acid, 35 of 1 per cent, chromic acid, 7 of 2 per cent, 
acetic acid, 55 of distilled water. 

A slide is then covered with cigarette paper and a section floated on 
to this out of w^ater, drained almost dry and stained for a few minutes 
with a 1*5 per cent, watery solution of Victoria blue, heating it gently 
till steam rises three to five times. Throw off excess of stain and pour 
on Lugol’s iodine (iodine 1, pot. iodide 2, water 200) and leave on one 
minute. Pour off excess of iodine, pour on equal parts of anilin oil and 
xylol, and leave on till the heavier masses of stain are removed. Then 
turn the cigarette paper upside down on to a clean slide, blot firmly, 
and remove paper, leaving the section on the slide. Continue differen- 
tiation with anilin oil-xylol, wash thoroughly with xylol. Mount in 
Canada balsam. 

Similarly De Albertis {Pathologica, xii, 1920, p. 240). 

Sfielmeyer {Technik der mik. Untersiich des Nerven, Berlin, 1924) 
also gives the following “ Heidelberger ” method. Celloidin sections 
of formalin, or better alcohol-fixed material are freed from celloidin and 
fixed to slides with methyl alcohol and stained for twelve hours in 
1 per cent. Victoria blue, and further treated with iodine, etc., as in 
Weigert’s method. 

Merzbacher {Journ. Neurol. Psych., 1909, xii, p. 1) treats either 
frozen or paraffin sections of formalin material or celloidin sections 
fixed to the slide by methyl alcohol for two to five minutes with an 
alkaline alcoholic solution (absolute alcohol 70, 10 per cent, caustic 
soda 20, distilled water 10), stains in the cold for twenty-four hours 
with saturated solution of Victoria blue, boiled for one hour, treats 
with iodine and differentiates as Weigert. 

Anderson (Journ. Path and Bact., xxvi, 1923, p. 431) treats frozen 
sections of formalin material or paraffin sections of material fixed, or 
after-hardened, in Bouin’s fluid for ten to thirty minutes with a mordant 
consisting of 1 part of 5 per cent, ferric chloride and 2 parts of the 
following mixture. (Distilled water, 100 c.c., sod. sulphite 5 grm., 
oxalic acid 2-5 grm.> pot. iodide 5 grm., iodine 2-5 grm., glacial acetic 
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acid 5 c,c.). Wash in distilled water and transfer first to J per cent, 
permanganate for five minutes and then to freshly-mixed PaFs solution 
for five minutes or more. The sections should be left in this solution 
until they can be stained. After a quick wash the sections are floated on 
an albuminised slide, blotted and almost allowed to dry. They are then 
stained by pouring on boiling 1*5 per cent. Victoria blue, and kept 
slightly warm in this stain for five minutes. After pouring off the stain 
strong Lugol’s iodine (iodine 1 grm., pot. iodide 2 grm., distilled water 
100 c.c.) is dropped on to the middle of the section and allowed to act 
for one minute. The section is then differentiated with equal parts of 
anilin oil and xylol for fifteen seconds, and then washed till clear, with 
xylol, after which it is blotted and further differentiated with xylol and 
anilin oil, washed thoroughly with xylol, and mounted in Canada 
balsam. Anderson points out that the anilin oil-xylol mixture is 
much more active so long as any water is left in the tissue and may 
easily differentiate the finer fibres too far at this stage, but once the 
water has been eliminated there is much less danger of over-differen- 
tiating. 

Wabkany (Zetehr. /. Wissenschaft. Mikro,, iv, 1924, 1, p. 508), 
treats frozen sections with equal parts of 1 per cent, phosphomolybdic 
acid and 95 per cent, alcohol, stains them as Holzer, but differentiates 
in two changes of anilin oil. 

See also Agueree, Arch. mikr. Anat., Ivi, 1900, p. 509 ; Krause, Ahh. 
h. Akad.Wiss. Berlin. Anhang,l%W. 

Rubaschkin {Arch, mikr. Anat., Ixiv, 1904, p. 577) recommends 
injecting centres of small mammals with the fixing liquid. To make 
this, take 100 parts of 2-5 per cent, solution of potassium bichromate 
and 0-5 to 1 of copper acetate, boil, and add 2-5 to 5 of glacial acetic 
acid. To this (which may be kept in stock) add, just before use, 10 per 
cent, of formol. Inject warm, and after ten minutes dissect out and 
harden in the same fluid for five to seven days at 35° to 40° C. Dry 
superficially, put for six to twelve hours into 95 per cent, alcohol and 
imbed in cello idin or paraffin. Stain sections on the slide for six to 
twelve hours in saturated aqueous solution of methyl violet B ; treat 
for half a minute to a minute with Gram’s iodine in iodide of potassium ; 
differentiate in anilin or clove oil, and pass through xylol into balsam. 
The method gives very sharp results with small mammals. 

1190. Benda’s Method {Neurol, CentrbL, xix, 1900, p. 796 ; and his 
article “ NeurogliafdrbungC Enzykl. mik, Technik, ii, 1910, p. 308) is 
as follows : The material is to be fixed in 90 or 93 per cent, alcohol for 
no less than two days. Pieces, not thicker than J cm. are put for 
twenty-four hours into officinal nitric acid 1 part, and distilled water 
10 parts ; for another twenty-four hours in 2 per cent, potassium 
bichromate ; for forty-eight hours in 1 per cent, chromic acid. After 
washing for twenty-four hours, they are dehydrated in alcohols of 
ascending strength, cleared first in creosote (twenty-fours), then in 
benzol (twenty-four hours), and lastly imbedded slowly in paraffin, 
this being dissolved in benzol to saturation first at room temperature, 
then successively at 38°, 42° and 45° C,, so that pure paraffin, melting 
at 58° C., is used only for the imbedding proper. 

The sections, stuck to slides, are mordanted for twenty-four hours in 
4 per cent, iron alum or in 50 per cent. Liquor ferri sulfurici oxydati 
P.G. thoroughly washed, put for two hours into an amber-yellow 
aqueous solution of sodium sulfalizarinate as directed in § 907, rinsed 
with tap-water, and put to stain in 0*1 per cent, toluidine blue either 
for fifteen minutes by warming until vapour arises, or for twenty-four 
hours at room temperature. After rinsing in 1 per cent, acetic acid or 
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in a very dilate solation of picric acid, the sections are dried with filter 
paper, passed throagh absolute alcohol, and differentiated for about ten 
minutes with creosote. They are then dried once more with filter paper, 
washed with xylol and mounted in balsam. 

Besides this, Benda recommends hardening and making paraffin 
sections as above, then staining by Weigert’s method (§ 1162), but with- 
out passing the sections through the saturated solution of “ chromogen,” 
and using instead of Weigert’s methyl violet solution a freshly-prepared 
mixture of 1 volume of saturated solution of crystal violet, 1 volume of 
1 per cent, acid alcohol, and 2 volumes of anilin water. 

Benda also uses Heidenhain’s iron hsematoxylin to stain paraffin 
sections of pieces treated as described, differentiating either with 2 per 
cent, iron alum or with Weigert’s borax-ferricyanide mixture. 

1191. Malloey’s Haematoxylin Stains {Journ, Exper, Med., 
V, 1900, p. 19). Zenker fixed tissues are cut in paraffin and after 
treatment with iodine and hyposulphite are put for a quarter of 
an hour into 0*5 per cent, solution of potassium permanganate, 
washed and put for another quarter of an hour into 1 per cent, 
solution of oxalic acid, well washed and stained for twelve to 
twenty-four hours or more in Mallory’s phosphotungstic hcema- 
toxylin. Wash, dehydrate in 95 per cent, alcohol, clear with 
origanum oil, mount in xylol-balsam. Axis-cylinders and nerve- 
cells pink, neuroglia fibres and myelin blue. To get a more 
isolated stain of neuroglia, the sections should be brought for 
five to twenty minutes, after staining, into a 30 per cent, alcoholic 
solution of iron sequichloride. Neuroglia, fibrin and nuclei blue, 
the rest colourless. 

(Mallory’s phosphomolybdic hs&matoxylin may also be used for 
the stain, but it is less elective.) 

Greenfielb (in Anderson’s How to Stain the Nervous System, 
E. and S. Livingstone, Edinburgh, 1929), uses this method for 
celloidin sections of formalin fixed material. These are treated 
with 5 per cent, mercuric chloride for half an hour, followed by 
strong iodine for three minutes, and after a quick rinse in tap- 
water, by 5 per cent, hyposulphite for three minutes. The 
sections are then placed in J per cent, potassium permanganate 
for five minutes, washed quickly in tap-water and transferred to 
5 per cent, oxalic acid for five minutes. They are then washed 
in distilled water for ten minutes before being stained for twelve 
to twenty-four hours in Mallory’s phosphotungstic haematoxyiin. 
Differentiation in alcoholic ferric chloride is specially useful here. 

Kebnohan (Amer. Joum. Clin. Bath., 1, 1931, p. 399) also uses 
formalin fixed material. He first washes fixed tissue for twenty-four 
hours in running water, then places it for four days in Weigert’s primary 
myelin mordant and for two days in Weigert’s secondary mordant (see 
§ 1163), subsequently imbeddiug in paraffin. 

1192, Da Fang’s Methods (Ricerche Lab. Anai. Roma ed altri Lab. 
BioL, xii, 1906). Method I. is a modification of Mallory’s phospho- 
tungstio hsematoxylin process (§ 306). Small pieces of fresh tissue 
are fixed for twenty-four to forty-eight hours in a mixture of 72 
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volumes of p 3 nridine and 28 of 50 per cent, nitric acid. After washing 
for about six hours, the pieces are dehydrated and imbedded in paraffin. 
The sections, stuck to slides by the albumen method, are treated as by 
MAiLony’s method, and stained with an old solution of Malloby’s 
phosphotungstic hsematoxyiin, hut prepared without the addition of. 
hydrogen peroxide. In order to increase the contrast between neuroglia 
fibres (blue-violet) and the protoplasm of neuroglia cells (pink) Da Fano 
dehydrates the stained sections in 95 per cent, alcohol to which a small 
quantity of an alcoholic solution of eosin has been added. 

Method II, is a modification of Benda’s process (§ 1190). Very small 
pieces are fixed for thirty-six to seventy-two hours in a mixture of 2 
volumes of the fixing fluid used for Method I. and 1 volume of 1 per 
cent, osmic acid. After washing for six to twelve hours, the pieces are 
imbedded in paraffin. The sections, stuck to slides, are successively 
mordanted for twenty-four hours each with Weigebt’s copper acetate- 
chromium fluoride fluid (§ 1164), 2 per cent, chromic acid, and 2 per 
cent, iron alum, rinsing in water before passing them from one into the 
other mordant. They are lastly either treated and stained as by 
Benda’s alizarine-toluidine blue process, or as by Heidenhain’s iron 
hsematoxylin method. 

Method III, was arrived at in an endeavour to make use of unsuccess- 
ful preparations made by Cajal’s reduced silver method. Pieces 
treated as by Cajal’s formula la or one of its modifications (§ 1113), or 
simply fixed in 2 or 3 per cent, silver nitrate at 36° to 37° C., are 
imbedded in paraffin. The sections, stuck to slides, are bleached by 
Pal’s differentiation method for myelin stain, and then mordanted and 
stained as by Method II. 

1193. Held’s Method for Marginal Neuroglia (Monatschr, Psych, 
Neurol., xxvi, 1909 ; Ergdnzungsch., p. 360). Tissues are preferably 
fixed by means of a modified Zenker’s fluid consisting of Muller’s fluid 
100 c.c. and sublimate 3 grm., with the addition at the moment of use 
of acetic acid 3 c.c., formalin 0-5 c.c. The fluid should be warmed at 
35° to 40° C. and injected through the blood-vessels, the blood being 
first washed away by means of Ringer’s solution to which 1 : 1000 of 
amylnitrite was added. The tissues are treated in the usual way and 
imbedded in celloidin. The sections are first treated for five minutes 
with a 1 per cent, solution of caustic soda in 80 per cent, alcohol and 
washed in distilled water, and then mordanted for a few minutes in 5 
per cent, iron alum and washed once more. For staining, Held adds 
to some distilled water a few drops of a very old molybdic acid hema- 
toxylin, enough to impart to the water a bluish-violet tone, and stains 
therein for twelve to twenty-four hours at 50° C. The stain is prepared 
by dissolving 1 grm. of hematoxylin in 100 c.c. of 70 per cent, alcohol 
and adding an excess of molybdic acid. Differentiation is carried out by 
means of the same iron-alum solution used for mordanting ; wash well ; 
counterstain with v. Gieson picro-fuchsin solution ; wash in 96 per 
cent, alcohol, dehydrate and mount as usual. 

Neuroglia cells and fibres greyish-black ; marginal neuroglia (mem- 
hr ana limitans marginalis B>nd membrana limitans perimsmlaris) sharply 
differentiated ; connective tissue pink-red. Mallory’s connective tissue 
stain (acid fuchsin-anilin-blue-Orange G) and to a less extent Masson’s 
trichromic and M. Heidenhain’s Azan” stain (see §1060), give useful 
neuroglia pictures. See also Cbossmon (Jlnut Bee., Ixix, 1937, p. 33). 

1194. Jakob (NissLAlzheimeYs Arh, u. d, Grosshirnrinde, v, 1913) 
makes thin frozen sections of material fixed in gliabeize -h 10 per cent, 
formol, washes rapidly in distilled water, and stains first for three to ten 
minutes in 1 in 1000 watery solution of acid fuchsin, and then after 
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washing puts into saturated watery solution of phosphomolybdic acid 
for one to twenty-four hours. The sections are then, after another short 
wash, put into a mixture containing 0*5 grm. of water-soluble anilin 
blue, 2 grm. of Orange G, 2 grm, of oxalic acid and 100 c.e. of distilled 
water, for half an hour. After a short wash in distilled water the 
sections are differentiated in 96 per cent, alcohol, keeping them moving 
in this, until no more clouds of stain come off. They are then treated 
with absolute alcohol and xylol and mounted in balsam. (Glial cells 
and processes violet, axis-cylinders blue, myelin sheaths golden with 
slight rose tint. Ganglion cells and vessel walls dark blue, nuclei and 
blood corpuscles light red.) 

Anbebson {“ Horn to Stain the Nervous System^ E. and S. Livingstone, 
Edinburgh, 1929), has modified this method for paraffin and celloidin 
sections. Tissue to be imbedded in paraffin is best fixed in Bonin’s or 
Zenker’s fluid, but if already fixed in formalin should be placed in 
Bouin’s fluid for sixteen to twenty-four hours before imbedding. This 
treatment is not necessary for material to be imbedded in celloidin. 
After washing in distilled water sections are placed for half an hour in 
the following mordant : iron alum, 1 grm. ; sulphuric acid, 1 c.c. ; 50 
per cent, alcohol, 98 c.c. The sections are then washed in distilled 
water and stained for one to five minutes in J per cent, acid fuchsin in 
J per cent, glacial acetic acid. After a prolonged wash in distilled water 
they are transferred to 4 per cent, phosphomolybdic acid for thirty to 
forty -five minutes, washed again in distilled water and placed in 
Mallory’s anilin-blue-Orange G. mixture for fifteen minutes. Paraffin 
sections are differentiated in absolute alcohol, celloidin sections in 95 
per cent, alcohol. They are cleared in xylol and mounted in acid 
balsam. 

Bailey (Journ. Med, Bes,^ xliv, 1923, p. 73) cuts thin paraffin sections 
of Zenker or Bouin fixed material and after treatment with iodised 
alcohol mordants for three days in 3 per cent. pot. bichromate, then 
rinses and places in a neutral solution of ethyl violet and orange G for 
twelve hours. Blot and then agitate quicldy in anhydrous acetone, 
place in toluol for a few seconds, then flood the slide with pure clove oil 
and differentiate further in 3 parts of clove oil and 1 part of 95 per cent, 
alcohol, rinse in pure clove oil, then toluol, xylol (six changes) balsam. 
(The neutral ethyl violet-orange G solution is most easily prepared by 
adding to 100 c.c. of distilled water 0*5 grm. of orange G and 1 grm. 
ethyl violet. Stir thoroughly and place in the oven to precipitate for 
twelve to twenty-four hours. Decant the supernatant liquid and wash 
the precipitate several times with distilled water. Place in the oven to 
dry. Make a saturated alcoholic solution of the dried powder as stock 
and use 1 part of this with 3 parts of 20 per cent, alcohol as staining 
solution.) 

Bailey also uses this method on material fixed in Regaud’s solution 
to demonstrate certain special granules in the cells of the pars anterior 
hypophysis. 

Kultschitzky’s Rubin Method (AnaL Anz,, vii, 1893, p. 357) is no 
longer used. For the slight modification of this method of Popow, see 
Ztschr, wiss, Mikr,, xiii, 1896, p. 358, and for that of Burchabdt, La 
Cellule^ xii, 1897, p. 364. 

The method of Yamagiwa {Virchow's Arch,, clx., 1900, p. 358) is also 
no longer used. 

1195. Methods for Neuroglia Cell-bodies and Granules. Oppenheim 
{Neurol, Centrhl,, xxvii, 1908, p. 643) mordants sections made from 
frozen fomalin material with Weigert’s copper acetate-chromium 
lluoride mixture and then stains them with Weigert’s iron hsematoxylin 
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prepared without hydrochloric acid. An important point of this method 
is that the material and the sections shouldi not have been treated with 
alcohol before staining, 

Eisath (Monatschr. Pstjch. NeumL, xx, 1906, p. S ; ..Arch, f. Psych., 
xlviii, 1911, p. 897) fixes large pieces in a modified Orth’s formoi-Miiiler 
mixture consisting of water 1000 c.c., potassium bichromate 25 grm., 
sodium sulphate 15 grm., and formalin 150 c.c. to be added at the 
moment of using the mixture. After about four weeks the tissues are 
ready for being cut without imbedding, but can be kept for many 
months, and even years, in 4 per cent, formalin. The sections are col- 
lected in 4 per cent, formalin, in which they may be kept until wanted. 
For the staining the sections are put for thirty seconds in a 0*2 per cent, 
solution of sublimate, well washed in water, and lifted on to the slide, a 
dilution of an old Mallory’s phosphomolybdic-carbolic acid haeraatoxylin 
being poured on them . After a few minutes they are washed with water, 
differentiated with a mixture of equal parts of 40 per cent, tannic acid, 
50 per cent, alcohol, and 20 per cent, pyrogallic acid in 80 per cent, 
alcohol. Wash in alcohol, dehydrate, clear and mount. 

Fieanbt (Arch. mikr. AnaL, Ixxvi, 1910-11, p. 125) fixes in Heiden- 
hain’s sublimate-trichloracetic mixture, and treats pieces for five to 
seven days with 96 per cent, alcohol, to be changed three times during 
the first twenty-four hours and daily in the following days. After 
dehydration the pieces are imbedded in paraffin as directed by Prantner, 
clearing with cedar oil and ligroin, and putting thence into a saturated 
solution of paraffin in ligroin in the incubator at 37° C. ; thence into 
paraffin of 52° C. melting point. The sections, 3 to 5 ft thick, are stuck 
to slides, freed from sublimate by the usual iodine treatment, and then 
stained for twelve to twenty-four hours with Mallory’s phosphotungstic 
haematoxylin. Dry with filter paper, differentiate for a few hours in 
10 per cent, iron perchloride in absolute alcohol, blot once more with 
filter paper, wash, dehydrate .and mount. Neuroglia fibres, cyto- 
plasm of neuroglia cells, and glia granules stained in various shades of 
blue and greyish-blue ; all other elements yellowish-grey or yellowish- 
brown. 

Ranke (Ztschr. ges. NeuroL u. Psych., vii, 1911, p. 355) uses for 
similar purposes either celloidin sections of foetal tissues fixed in picric 
acid alcohol or sections made by freeezing from formalin (pathological) 
material. In the first case the sections are stuck to slides by pressing 
with filter paper and then pouring on them methyl alcohol until all 
celloidin is dissolved. He next stains them for a few minutes with his 
acid eosin-thionin solution (see further on), washes with water, and re- 
stains them, with the help of gentle heat, with 5 : 1000 Giernsa’s 

Methylenazur 1 ” ; quick differentiation with distilled water ; 96 per 
cent, alcohol, cajeput oil, xylol, balsam. In the case of pathological 
material the sections are first treated with 1 per cent, osmic acid in 
order to stain fatty products of degeneration, etc., then pressed on to 
slides and stained as above. To prepare the acid eosin-thionin mixture, 
mix and shake repeatedly 1000 c.c. of each 1 : 1000 watery solution of 
eosin W.G. and 1 : 1000 watery solution of thionin. I-<eave for forty- 
eight hours, pour out the fluid part, and wash the sediment into a paper 
filter with distilled water until the wash-water is only a little stained. 
Dry what remains in the filter, and dissolve it in methyl alcohol in the 
proportion of 0*3 to 0 ‘5 per cent. 

1196. Alzheimer’s Methods {HistoL u. HistopathoL Arh, iii, 
1910, p. 406) 

(a) " Alzheimer-Malloby ” Method. Fix in gliabeize + 10 
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per cent, formalin, wash and cut frozen sections. Wash rapidly 
first with distilled water and then for two minutes wdtli distilled 
'water rendered very slightly acid with acetic acid. From this 
put directly into the stain which consists of 10 c.c. 10 per cent, 
phosphomolybdic acid, 1*75 grm. of haematoxylin, 5 grm. phenol 
cr3’stals, and 200 c.c. distilled water (ripened for two months), 
wash, dehydrate, clear and mount in balsam. (Specially suitable 
for demonstration of cell bodies and certain granules.) 

Weil (lac. cit) stains paraffin sections in the haematoxlyin for 
half to one hour after treating them for five minutes with 5 per 
cent, potassium bichromate. He advises thorough washing with 
50 per cent, alcohol before further dehydration. 

(h) Alzheimee-Mann ” Method. Fix in gliabeize + 10 per 
cent, formol. Cut thin frozen sections and transfer first for ten 
minutes to distilled water to which a few drops of 10 per cent, 
phosphomolybdic acid are added, and then for several hours to 
a saturated watery solution of phosphomolybdic acid. Wash 
twice rapidly in distilled water and stain for one hour in Mann’s 
methyl blue eosin solution (1 per cent, methyl blue 35 c.c., 1 per 
cent, watery eosin 35 c.c., distilled water 100 c.c.). Wash in 
distilled water till no more stain is given off, transfer for one to 
two minutes to 96 per cent, alcohol, then absolute alcohol, xylol- 
balsam. This method may be used on paraffin sections, fixing 
material in 25 per cent, formalin and subsequently mordanting in 
5 per cent, potassium bichromate for fourteen days before im- 
bedding in paraffin. 

(c) Fuchsin-light green Method. Fix for twenty-four hours 
in formalin, and thence transfer direct to Flemming’s solution 
for eight days. Wash twelve to twenty-four hours and imbed in 
paraffin of 58° C. melting-point. Cut very thin sections ( 2 to 3/x), 
dry, remove paraffin and wash with 96 per cent, alcohol. Thence 
place in paraffin oven at 58° C. for one hour in a saturated watery 
solution of acid fuchsin. Wash twice with water till no more 
stain is given off, and differentiate for ten to twenty seconds in 
a mixture of 30 parts of saturated alcoholic picric acid and 60 
parts of distilled water. Wash twice thoroughly in water and 
stain for twenty to fifty minutes in a half-saturated watery solu- 
tion of light green. Wash quickly, first in water and then in 
96 per cent, alcohol, absolute alcohol, xylol, balsam. (This method 
does not differentiate the neuroglia fibres, but gives a very com- 
plete picture of the structure of the supporting tissues. It also 
brings out sharply “ fuchsinophil” and lipoid granules in the 
neuroglia cells.) Bertrand and Hadjioloef {Rev. Neurol., ii, 
1927, 34, p. 752), stain with Ziehl’s carbol-fuchsin on a hot plate 
and after washing the sections in distilled water until no more 
stain is given off, they then stain with a saturated aqueous 
solution of light green for seven to fifteen minutes on a hot plate. 
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1197. Other Methods for Granwles, etc, Alzheimee (he. cit) 
also staiiis Juchsinophil granules by treating Flemming fixed 
paraffin sections (see above) first for one hour at 37° C. in a 
saturated watery solution of copper acetate, and after two washes 
in distilled water, staining for half an hour in 10 per cent, alcoholic 
hsematoxylin 10 c.c., distilled water 87 c.c., saturated lithium 
carbonate solution 3 c.c. Wash rapidly in water, alcohol, xylol, 
balsam. 

For Beichh n granules he stains frozen sections of formalin 
material in 1 per cent, toluidin blue for one hour, washes 
thoroughly in distilled water and differentiates, less completely 
than for Nissl granules, with alcohol. 

METHODS FOR PROTOPLASMIC NEUROGLIA 
OLIGODENDROGLIA AND MICROGLIA 

1198. Ram6n y Cajal’s Gold Chloride and Sublimate Method 
(Trab. Lab. Invest Biol., Madrid, xi, 1913, pp. 219 and 255 ; xiv, 
1916, p. 155). At first Cajal used to harden pieces of quite fresh 
tissues in 14 per cent, formalin, but in his successive papers he 
recommended fixing from two to ten days in : — 

Formol .15 c.c. 

Ammonium bromide . . . , 1*5-2 grm. 

Distilled water . . . . . 85 c.c. 

Relatively thick sections (20 to 25 yu) are made by the freezing 
method, and collected in distilled water to which a few drops of 
formalin have been added. After a quick wash, batches of four 
to six sections are each transferred into glass dishes of about 6 cm. 
in diameter, and each containing 15 c.c. of a mixture of — 

Distilled water . . . . . 60 c.c. 

Mercuric chloride . . . . 0*5 grm. 

1 per cent, gold chloride (Merck, 5roa?n 
variety) . . . . . . 10 c.c. 

After about four hours the sections will be found to have become 
an intense purple, and can be passed, for five to ten minutes, into 
a fixing bath consisting of — 

Concentrated solution of sodium hypo- 
sulphite . . . . . . 5 c.c. 

Distilled water . . . . . 70 „ 

Alcohol . . . . . . 30 „ 

Concentrated solution of sodium bisul- 
phite . . . . . • 5 „ 

Wash in 50 per cent, alcohol, lift sections on to slides, dry with 
filter paper, wash with absolute alcohol, clear with origanum oil, 
wash with xylol, and mount in balsam. 
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Best results are obtained by keeping the glass dishes, witli the 
sections and the gold chloride-sublimate mixture, at a temperature 
of 18° to 20° C. If the reagent is freshly prepared, the reaction 
will be complete in about four to six hours. At temperatures 
between 14° and 17° C. three or four hours more are necessary 
to obtain good stains. With temperatures below 14° or 12° C, 
it is very difficult to obtain any reaction at ail. One may have 
recourse to temperatures above 20° C., up to 27° or 30° C. in 
special cases, as Del Rio-Hortega has done for the neuroglia of 
the pineal body. More diluted gold baths may be used for eco- 
nomical reasons, but in this case one must have recourse either 
to higher temperatures or to greater lengths of time. To proceed 
quicker, one may either double the proportion of sublimate in 
the formula given above or double the proportion of gold chloride 
and treble that of sublimate. A good means to obtain rapid 
and vigorous reactions consists in adding to the gold chloride- 
sublimate bath either 2 to 8 drops of a 1 : 100 solution of ery- 
throsin or a minute quantity of the dry dye, enough to impart 
to the bath a slightly orange tone. All other conditions being 
the same, results are greatly influenced by the length of time 
during wliich the pieces have been kept in the fixing fluid. As 
a rule, they begin to be ripe for cutting from the end of the 
third day, and they continue to be in a state favourable for 
obtaining good reactions for another five or six up to fifteen or 
twenty days. Good stains may be exceptionally obtained after 
two months of hardening. The capacity for taking the gold 
disappears first from the protoplasmic, and then from the fibrous, 
neuroglia. 

We have found that this method can be successfully used on 
material fixed in formol saline for several weeks or even months. 
Frozen sections are cut at 20 fx and left in formol bromide at labora- 
tory temperature overnight. After a quick wash they are 
then placed in the following solution, which must be freshly 
prepared : — 

Mercuric chloride . . . . . 0*5 to 1*0 grm. 

One per cent, gold chloride (Merck’s 
brown, or yellow crystals) . .20 e.c. 

Distilled water . . . . . 30 „ 

The sections stay in this solution for half an hour or longer in 
the incubator at 37° C. and are then fixed as in the original Cajal 
method. This stronger solution will often be found preferable to 
Cajal’s formula. (See also Raileann, Rev, Neurol, i, 1980, 

p. 1018). 

CoETEN (Wertham’s The Brain as an Organ,” the Macmillan 
Company, New York, 1934) uses tissue fixed in formol saline. 
Frozen sections cut at 25 jx are placed in ammonium bromate, 15 
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cx. ; neutral formalin, 100 c.c. ; distilled water, 400 c.c. ; the 
solution being heated till ft steams. Sections are then transfeiTed 
to antiformin, 8 c.c. ; distilled water, 2 c.c. ; 96 per cent, alcohol, 

8 c.c,, for six to fifteen seconds. They must be moved about in 
this solution. After w^ashing in two changes of distilled water 
sections are treated with GajaFs gold sublimate solution, the use of 
a higher concentration of mercuric chloride being recommended. 

By means of CajaFs method two categories of neuroglia elements 
become stained a dark purple on a much lighter purplish back- 
ground. The first category consists of neuroglia cells provided 
with a changing number of variously ramified protoplasmic pro- 
cesses, which inter-cross with those of other cells, and thus give 
origin to CajaVs pleurigenic plexus. These neuroglia cells prevail 
in the grey layers of the human cerebral cortex, and form the 
bulk of the protoplasmic neuroglia (§ 1186), In CajaFs prepara- 
tions they appear beset with vacuoles, situated both within their 
cytoplasm and along their processes. The vacuoles or spaces are 
occupied by granules {gliosomes), which may be stained either by 
Cajal’s uranium nitrate method {§ 933) (superficial sections) or 
by methods generally used for the demonstration of mitochondrial 
formations as well as by the methods of Eisath and Fieandt. 
The other category of neuroglia elements shown by the gold 
chloride and sublimate method consists of astrocytes, viz,, 
neuroglia cells, also provided with a changing number of pro- 
cesses, but chiefly characterised hy the pfmence of fibres which, 
though a product of differentiation of the protoplasmic portions 
of the astrocytes, never become entirely independent of the latter. 
These fibres appear to correspond to those stainable by the 
methods described in §§ 1187 et seq. The astrocytes prevail in 
the white matter of the central nervous system, and form the bulk 
oi the fibrous neuroglia 

The gold chloride and sublimate method leaves unstained a third 
category of elements, the existence of which was at first recognised 
by Cajal by means of this negative character, but they were sub- 
sequently studied by him in superficial sections of pieces stained 
by his uranium nitrate method and other cytological methods. 
The cells belonging to the category now considered appear in 
uranium nitrate preparations as roundish elements, but, as a 
matter of fact, they also are provided with a changing number 
of variously ramified protoplasmic processes (see § 1186). As 
Cajal was not able to come to any definite conclusion in regard 
to their nature, he proposed to term them the third element f 
i.e., a category of cells which though non-nervous in character, 
do not plainly form part either of the connective tissue (blood- 
vessels, pial septa) or of the neuroglia, this term being, in CajaFs 
opinion, reserved for those elements which are genetically derived 
from an evolution of the ependymal epithelium. 
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, 1199. Achucaeeo*s Tanmn Method and Del Rto-HoBTEGA’s 
Modifications. The methods described in this paragraph can be 
considered as the direct outcome of various efforts at modifying 
the Bieischowsky method for sections (§ 1120) in such a way as 
to obtain a neuroglia stain. As a rnatter of fact, they all stain 
both neuroglia cells (astrocytes) and connective tissue elements. 
In other words, they are not elective, and may be used for the 
study of reticular tissue in non-nervous organs, as well as of other 
histological details in nervous and non-nervous tissues. 

REUVsim'^s modification of - Bielscmowsky^s method {Neurol 
Centrbli xxix, 1910, p. 1256) should be first remembered. Pieces 
of fresh material were fixed in Weigert’s formalin-copper acetate- 
chromium fluoride mixture for neuroglia stain (§ 1164), cut by the 
freezing method, and stained as by Bieischowsky method for 
sections, without pyridine treatment. Achucarro did the same, 
except for silvering by Ramon y Cajal’s reduced silver process. 

Achucaeko’s tannin method {Boh Soc, Espan. BioL, Madrid, 1911, 
p. 139) consisted in putting sections made from frozen formol material 
into a cold -saturated solution of tanning and warming this until vapour 
arose. Without waiting for the tannin to become cool again, the 
sections were, one by one, quickly rinsed in water and put to stain for 
about ten minutes into three successive glass dishes, each containing 
10 c.e. of distilled water and 6 to 8 drops of Bielschowsky’s ammoniacal 
silver nitrate-and-oxide bath, prepared beforehand, as described in 
§ 1120. As soon as they turned dark yellow, they were transferred into 
10 per cent, formalin, and, after about ten minutes, washed, dehydrated 
and mounted. 

The results obtained by such a method were rather uncertain, 
and Achucarro himself felt the necessity of modifying it in the 
following way, published by Del Rio-Hobtega {Trab. Lab. 
Invest Biot, Madrid, xiv, 1916, p. 181) : — (1) Fix pieces, 2 to 
3 mm. thick, for two or three days in formalin neutralised with 
ammonia. (2) Make sections of 10 p and mordant them in 
10 per cent, tannin until vapour arises. (3) Without waiting 
for the tannin to become cool, wash the sections in distilled 
water aikalised with a few drops of ammonia until they have 
again acquired their flexibility. (4) Treat them with the diluted 
ammoniacal silver nitrate solution as described above, but adding 
only 2 or 3 drops of it to every 10 c.c. of distilled water. (5) Reduce 
in 20 per cent, formalin, either neutralised as for fixing, or (accord- 
ing to Del Rio-Hortega) containing an excess of ammonia, say, 
6 to 8 drops to every 10 c.c. of 20 per cent, formalin. 

Del Rio-Hobtega {op. cit) found that the method could be 
further modified, TandJ usefully employed for the staining not 
only of the neuroglia, but also of centrosomes of nerve-cells and 
neuroglia cells, mitochondria^ secretion granules, intra-epithelial 
fibrils, reticular tissue, collagenous fibres,, etc. The modifications 
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proposed by Del Rio-Hortega for these various purposes Me four 
in number, and known as the mrimU of AcMcarro's method. 

Modification I. Suitable for the staining of fibrous neuroglia 
as well as for elastic membranes and connective tissue ceils. 

(1) Fix tissues for no less than ten days in 10 per cent, formalin. 

(2) Make sections by the freezing method, and mordant them 
for five minutes in 3 per cent, tannin kept at a temperature of 
50° to 55° C. (3) Wash them in distilled water alkaiised with 
ammonia, and transfer them successively into three glass dishes, 
each containing 1 c.c. of ammoniacal silver nitrate, prepared as 
described in § 1120, and 10 c.c. of distilled water. (4) As soon 
as they have taken a distinct yellowish-brown colour, wash them 
in distilled water and reduce them in a 1 : 500 gold chloride solution 
kept for twenty or thirty minutes at a temperature of about 
40° to 45° C. (5) Fix with 5 per cent, sodium hyposulphite, 
wash, dehydrate and mount as usual. 

Modification 11. Good chiefly for reticular tissue and its histogenesis. 
Material may be fixed either in 10 per cent, formalin or Bouin’s fluid, 
or alcohol ; if one or the other of these last two fluids has been used, 
it is advisable to re-transfer pieces for a few days into a formalin solu- 
tion. Sections should, as a rule, be made by the freezing method, but 
pieces may be imbedded in celloidin, this being dissolved after 
cutting. The sections, however obtained, are mordanted for five 
minutes at 50° to 55° C. or for fifteen to thirty minutes at 40° to 45° C, 
in a 1 per cent, alcoholic solutioSof tannin. Stain as in Modification I ; 
reduce for half a minute in 20 per cent, formalin, neutralised by shaking 
with chalk, wash, dehydrate and mount. 

Modification III. Particularly good for collagenous fibres, but also 
for neuroglia fibres. Proceed as in Modification II until the sections 
are placed in the staining bath ; keep them therein until brown ; reduce 
and fix as in Modification I. 

Modification IF (op. cit^ xvi, 1918, p. S75^ note). Suitable for 
the demonstration of the protoplasmic neuroglia. Frozen sections 
of formalin material are treated for some minutes at 45° to 50° C. 
with a mixture of tannin, 3 grm. ; ammonium bromide, 1 grm. ; 
distilled water, 100 c.c. Wash and stain as in Modification I ; 
reduce in 20 per cent, formalin neutralised with chalk ; tone with 
0-2 per cent, gold chloride ; fix, wash, dehydrate and mount as 
usual. 

Ramon y Cajal (Trab. Lab. Invest Biol., xviii, 1920, p. 129) 
stains neuroglia astrocytes by a modified Bielschowsky technique, 
fixing in formol-bromide solution as above and after making 
frozen sections refixing them in 6 per cent, ammonium bromide 
in either water or 12 per cent, neutral formalin for four to six 
hours in the oven at 87° C. or for eight to twelve hours at room 
temperature. Wash quickly in two changes of water and place 
in a silver bath made in the following way. Add 12 drops of 
40 per cent, sodium hydroxide to 10 c.c. of 10 per cent, silver 
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iulnite, Mush precipitate six to seven times with distilled water 
and dilute with 60 to 70 c.c. of distilled water before dissolving 
with ammonia. Of this strong solution put 8 to 5 c.c. into each 
of several dishes and add to each 15 g*c. of distilled water and 
2 to 4 drops of pure pyridin. Put sections into these dishes and 
keep them first for five to ten minutes in the cold and thereafter 
warm till the sections take a tobacco colour. Keeping the 
sections w^arm, wash for a few seconds in a large amount of distilled 
water and place in 20 per cent, neutral formoL Wash rapidly in 
water and tone in Merck’s brown gold chloride for several hours 
in the cold or for ten to twenty-five minutes at 37° C. Fix, 
dehydrate, mount. 

He also {Arch, Suisses de Neur, Psych,, xiii, 1923, p. 187) 
recommends his uranium nitrate method, as devised for staining 
Golgi’s internal apparatus (§ 933), for the demonstration of 
protoplasmic and fibrous neuroglia cells and also for gliosomes and 
lipoid inclusions. 

1200. Del Rio-Hoetega’s Carbonate of Silver Method {Trdb, 
Lab, Invest Biol,, Madrid, xv, 1917, p. 367, and xviii, 1920, 
p. 37; Bol. Soc. Esp. Biol,, Yiii, 1918; for his final views see 
ArcMvos de Histologia Normal y Patologica, Buenos Aires, i, 
1942, p. 165; i, 1943, p. 329 ; ii, 1943, p. 231; ii, 1945, 
p. 577). Pieces of quite fresh nervous tissues are fixed in 
Cajal’s ammonium bromide-formalin mixture, and kept therein 
for different periods of time, according to the purposes in view. 
If it is desired to stain the protoplasmic neuroglia, pieces are 
best fixed for twenty to thirty or forty days ; after this time 
they are for some months in a condition particularly suitable for 
the staining of the fibrous neuroglia. But if the time of fixation 
is limited to one or two days at the temperature of about 
35° C., or to two up to four days at room temperature, the 
tissues are in a state favourable to the impregnation of Cajal’s 
“ third element ” (§ 1198), which Del Rio-Hortega terms microglia. 
For the staining one may choose one or the others of the 
Ibilowing three processes ; — 

Process I, for protoplasmic and fibrous neuroglia. Sections 
made by the freezing method are washed in- two or three changes 
of distilled water and transferred into a crystallising basin con- 
taining 5 or 10 c.c. of ammoniacal silver carbonate solution, 
prepared as follows : — To 50 c.c. of 10 per cent, silver nitrate 
an equal or greater quantity of cold-saturated lithium carbonate 
solution is added, so as to precipitate all silver in the form of 
silver carbonate. The fluid part is poured off, and the precipitate 
first washed with 200 to 300 c.c. of distilled water, and then 
taken up with about 50 c.c. of diluted ammonia, by means of 
which it is entirely dissolved. The solution is diluted with 
distilled water up to a total volume of 250 c.c. and poured into a 
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dark brown bottle, where it keeps indefinitely, if put away in 
some dark place. 

. The crystallising basin, with the ammoniacal silver carbonate 
and the sections placed therein, is warmed, either in an incubating 
stove at 45° to 50° C. or over a flame, until the sections become a 
greyish-yellow colour. This requires only a few minutes if the 
sections are moved about so that they may stain uniformly. 
Good results may be also obtained by staining at 85° C. for twelve 
to fourteen hours or at room temperature for one or two days. 
Without waiting for the silver solution to become cool, the sections 
are quickly washed in distilled water and then transferred, one 
by one, into 20 per cent, formalin neutralised with chalk. After 
one or two minutes, the reduction is complete, and the sections 
may be washed, toned, fixed and dehydrated, cleared with a 
mixture of carbolic acid 5 parts, xylol 45 parts, cresote 50 parts, 
and mounted in balsam. 

Process II, for microglia. Sections are made as above, and 
then treated for ten or fifteen minutes at 50° or 55° C. with the 
bromide-formalin solution used for fixing. After washing in two 
or three changes of water, one continues as in Process I, but 
warming the ammoniacal silver carbonate solution at 50° or 55° C. 
until the sections are dark yellow. 

Process III, also for microglia. The pieces are warmed for 
ten minutes in the fluid used for fixing, and then cut by the 
freezing method. The sections are washed in distilled water and 
stained for ten to thirty minutes, either at room temperature or 
by careful gentle warming, with an ammoniacal silver carbonate 
solution, prepared by adding to 10 c.c. of 10 per cent, silver 
nitrate, first, 30 c.c. of 5 per cent, sodium carbonate, then ammonia, 
drop by drop, until the precipitated silver carbonate is dissolved, 
and, lastly, distilled water up to a total volume of 150 c.c. The 
sections are kept in the impregnating bath for from ten to thirty 
minutes at room temperature, but they should nevertheless remain 
almost colourless. 

They are then transferred directly without washing to 1 per 
cent, formalin and kept moving about in this, either by blowing 
on the surface or by moving them with a glass-rod until reduction 
is complete. Finish as in Process I. 

The strength of the ammoniated silver carbonate solution 
used in Process III may be varied. Hortega has more recently 
used 5 c.c. of 10 per cent, silver nitrate and 20 c.c. of 5 per cent, 
sodium carbonate, and after dissolving in ammonia made up 
with distilled water to 45 c.c. (strong solution) or 100 c.c. (weak 
solution). The strength of formalin may also be varied up to 
10 per cent. 

The above refers to material fixed in CaJaFs ammonium 
bromide-formalin mixture; if nervous tissues are fixed in 10 
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per cent, formalin and sections treated as in Process I, nerve- 
cells and axis-cylinders beconae stained as by Bielscbowsky’s 
method. If formoi sections of non-nervous tissues are treated in 
the same way, the reticular tissue becomes stained. 

1201 . Other Silver Methods for Neuroglial Astrocytes. Globus 
(ArcL Neurol, and Psychiat, xviii, 1927, p. 263) recommends the 
following procedure for formalin fixed material before impregna- 
tion by CajaFs method for neuroglia or Hortega’s third process 
for microglia (see § 1200). Frozen sections are thoroughly washed 
in distilled water, placed in 10 per cent, ammonia for twenty- 
four hours, washed again in distilled water, mordanted for two to 
four hours in 10 per cent, hydrobromic acid and after a final wash 
in weak ammonia water are stained by the selected technique. 

Lugaeo (Arch. Suisse de Neurol, et de Psychiaf.^ xxix, 1932, 
p. 282) uses 15 per cent, formalin for fixing pieces of tissue 3 to 4 
mm. thick before staining the protoplasmic neuroglia with varying 
proportions of a mixture of silver bromide and silver iodide. 
The pieces are stained in bulk for five to six days, allowing 10 c.c. 
of solution for each piece, and after three hours in the solution 
7 c.c. of 25 per cent, formalin are put in for each piece of tissue. 
The stock solutions are : A, 9 per cent, sodium hyposulphite ; 

B, 2 per cent, silver bromide in 9 per cent, sodium hyposulphite ; 

C, 0*3 per cent, silver iodide in 9 per cent, hyposulphite. These 
can be used in the proportions of 4, 5, 6, 7, 8, 9, 10 and 11 parts 
of (A) to 16, 15, 14, 13, 12, 11, 10 and 9 parts of (B), and 1, 2, 4, 
5, 6, 7, 8 and 12 parts of (C). After staining, the tissue is rinsed 
in running water and frozen sections are cut at 35 /x. 

Bolsi {Riv. d. Pat. New. e Ment.^ xxxii, 1927, pp. 51 and 898) 
fixes tissues in 5 c.c. each of pyridine and acetone ; formoi, 15 c.c. ; 
ammonium bromide, 3 grm. ; distilled water, 75 c.c., for six days 
to six months. Frozen sections are cut at 15 /x and well washed in 
distilled water before being stained in an ammoniacal silver 
solution prepared by adding ammonia to 10 c.c. of 2 per cent, 
silver nitrate until the resultant precipitate is dissolved and 
then adding 20 c.c. of glycerine. The sections are reduced in 
20 per cent, formalin. This method stains neuroglia and microglia. 
To stain microglia only, frozen sections are passed from distilled 
water into glycerine, 40 c.c. ; ammonia, 100 drops ; distilled 
water, 160 c.c. ; being constantly moved about in this solution 
for five minutes before being stained in 2 per cent, silver nitrate 
for one minute and reduced in 1 to 2 per cent, formalin for five 
minutes. 

Dubeauszky {Zeitscher. f. d. ges. Neurol, u, Psychiat., cxxvi, 
1930, p. 230) fixes small pieces of brain for forty-eight hours in 
formalin, 6 c.c. ; sodium bicarbonate, 6 grm. ; 15 to 20 per cent, 
ammonia, 16 drops ; distilled water, 100 c.c. Frozen sections are 
washed first in weak ammonia water and then in distilled water 
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and immersed in a silver bath prepared by adding 1 drop of 
strong ammonia to 1 c.c. of 20 per cent, silver nitrate, diluting 
with distilled water to 15 c.c., and filtering the solMon before use. 
The time of impregnation is about fifteen seconds. The sections 
are reduced in | per cent, formalin to which 1 drop of silver nitrate 
for each 20 c.c. of formalin is added. 

VizioLi {Biv, d, NeuroLf v, 1932, p. 165) places frozen sections 
of formalin fixed material in Bubrauszky’s fixative (see above), 
in which the sodium bicarbonate is replaced by sodium carbonate. 
He then transfers them to Bolsi’s ammoniacal glycerine solution 
(see above) and after a rapid wash to Bolsi’s ammoniacal silver 
nitrate. Very dilute formalin (80 to 40 parts in 1000 c.c. of water) 
is used for reduction, which takes about one to two hoius. 

Andeew and AshwoetH {Amer, Journ, Anat, Ixxv, 1944, 
p. 829) find the following method valuable for showing neuroglial 
cell fibre relationship. Fix in F.A.B. for from one to several days 
and cut frozen sections. Place for fifteen to twenty minutes in 
20 c.c. distilled water with 10 drops ammonium hydroxide, and 
wash in three changes of distilled water. Mordant in 5 per cent, 
sodium carbonate for from three-quarters to one hour, and wash 
again. Place in Foot’s solution of silver diamino-carbonate {Amer. 
Journ. Path.f v, 1929, p. 228) and heat in uncovered dish until 
metallic brown in colour. Reduce in 1 per cent, formalin until 
dark brown or black. Tone in 1 per cent, gold chloride, wash, 
fix in hypo., dehydrate, clear and mount. 

1202. Other Methods for Microglia. Penfield {Am. Journ. 
Path., iv, 1928, p. 153) places frozen sections of- formalin fixed 
material in weak ammonia water overnight and then transfers 
them directly to 5 per cent, hydrobromie acid for one hour at 
87° C. After being washed in three changes of distilled water, 
sections are put into 5 per cent, sodium carbonate for one to six 
hours, and are subsequently stained in Hortega’s silver carbonate 
solution diluted to 75 c.c., until they turn a light brown colour. 

See also King {Arch. Neurol. PsychiaL, xxxviii, 1987, p. 862) 
for a method for the rapid impregnation of microglia and oligo- 
dendroglia in formalin fixed material. 

Kanzlee {Zeitschr. f. d. ges. Neurol, u. Psychiat,, cxxii, 1929, 
p. 416) heats frozen sections of formalin fixed tissues till vapour 
rises in ammonium bromide, 15 grm. ; 40 per cent, formaldehyde, 
Too c.c. ; distilled water, 400 c.c. Without washing, the sections 
are placed in antiformin, 8 c.c.; 95 per cent, alcohol, 8 c.c. ; 
distilled water, 2 c.c. ; for five to eight seconds. After a thorough 
washing in two changes of distilled water the sections are trans- 
ferred to an ammoniacal silver solution prepared by mixing 5 c.c. 
of 10 per cent, silver nitrate with 15 e.c. of 10 per cent, 
caustic soda and dissolving the precipitate with ammonia. The 
sections must be kept moving in this solution for eight to ten 
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seconds. „ They are reduced, in 2 per cent, formalin, washed and 
toned. : 

Belezsky (Virchow^s Arch. f. Path. Anat.y cclxxxii,. 1931, 
p. 214) has stained microglia in celloidin sections. After a pro- 
longed wash in distilled water the sections are placed for twenty 
minutes in the following solution : to 5 c.c. of 17 per cent, silver 
nitrate add 5 drops of 40 per cent, caustic soda. Dissolve the 
precipitate with 25 per cent, ammonia and dilute about forty 
times. The sections are reduced in 10 per cent, formalin after a 
quick wash in distilled water, the reduction being accelerated by 
heat. 

Steen (Zeitschr. f. d. ges. Neurol, u. PsychiaL, cxKxviii, 1932, 
p. 769) also stains microglia in celloidin sections, which, after 
prolonged washing in distilled water are placed in the following 
solution for five to thirty seconds : to 4 c.c. of 10 per cent, silver 
nitrate add 2 to 3 drops of strong ammonia and then a few more 
drops to dissolve the precipitate which forms. Dilute with 20 c.c. 
of distilled water. Transfer sections without washing to 10 to 20 
per cent, formalin, keeping the sections moving until reduced. 
If the sections are left longer (thirty to sixty seconds) in the 
ammoniacal silver or are allowed to sink to the bottom of the 
reducing dish, oligodendroglia will be stained. 

Weil and Daveneoet {Arch.Neurol. and PsychiaL, xxx, 1933, 
p. 175) have modified the above method for staining microglia in 
celloidin sections. They add 10 per cent, silver nitrate drop by 
drop from a burette to 2 c.c. of concentrated ammonia, shaking 
the solution to avoid a precipitate. The end point is given by a 
slight opalescence. Sections are left in this solution for ten to 
twenty seconds and reduced without washing in a solution of 
formalin, 1 part ; distilled water, 5 parts ; moving the sections 
about until they are of a coffee-brown colour. 

Marshall {Journ. Path, and Bad., Iviii, 1946, p. 729) uses an 
8 per cent, formalin solution as a modification of Weil and Daven- 
port’s method. Marshall’s method of staining pulmonary 
microglia-like cells in paraffin sections is not very satisfactory 
when applied to brain tissue. 

1203. Geino {Journ. Neuropath, and Exp. Neurol,, iv, 1945, 
p. 93) describes a valuable oligodendroglial and microglial stain 
which can be applied to ordinary necropsy material fixed in 
formalin. Cut frozen sections at 10 to 20 p, ; place in 3 per cent, 
glacial acetic acid for thirty minutes, and then in 1 per cent, 
hydrogen peroxide (which should be freshly made from 30 volume 
solution Merck or U.S.P.) for ten minutes. Place for not more 
than ten to twenty seconds in silver bath made up as follows : 
mix equal parts 10 per cent, silver nitrate and 10 per cent, sodium 
tungstate ; dissolve the yellow precipitate with concentrated 
ammonia water (excess of ammonia is not harmful). Add 2 drops 
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of pyridine to each 20 c.c. of solution and wait thirty miautes 
before using. From the silver bath transfer directly to 1 per 
cent, formalin, and agitate. (Reduction is slow, the bath must 
be changed for every section.) Either fix in sodium thiosulphate 
or tone in gold and then fix. Dehydrate clear and mount. 

We have found this to be a rapid and satisfactory method. 

Del Rio Hortega’s Method for Pineal Parenchyma. (Horrax 
and '^Bailey, Arch, Neurol, and PsychiaL, xiii, 1925, p. 423.) 
(Originally published in Arch. d>e NeurobioL, iii, 1922, p. 351.) 
(1) Fix in 10 per cent, formalin for at least two days. (2) Cut 
thin frozen sections. (3) Place for twenty-four hours at room 
temperature in : 10 per cent, silver nitrate, 10 c.c. ; pure pyridine, 
3 drops ; the sections become dark yellow. (4) Wash in distilled 
water to which 2 drops of pure' pyridine have been added. 
(5) Colour in the following solution, heating to about 50° C. : 
solution of silver carbonate, 10 c.c. ; pure pyridine, 3 drops ; 
the sections become a dark sepia colour. (6) Wash in distilled 
water. (7) Reduce in 10 per cent, formalin. (8) Tone with gold 
chloride warming the sections slightly to intensifty the colour. 
(9) Fix, wash, dehydrate, clear and mount. 

1204. oiigodendrogiia. Robertson {Scot, Med, & Surg, Journ, 
Jan. 1899, and ‘‘ Text-book of Pathology in Nervous Diseases,” 1900) 
stained oiigodendrogiia by placing thin pieces not more than ^ of an 
inch in thickness in a mixture of equal parts of J per cent, platinum 
bichloride (? hydrochloro-platinic acid) and 20 per cent, formalin and 
leaving them in a dark place for several weeks until they are blackened 
all over. Thereafter he cut frozen sections and mounted them without 
further staining. 

Peneieli) {Brain, xlvii, 1924, p. 430) obtained good staining of 
oiigodendrogiia by fixing in ammonium bromide-formalin solution 
for two to twelve hours only, followed by thirty-six to forty- 
eight hours in 95 per cent, alcohol, and after a thorough washing 
of the blocks proceeding as in Flortega’s Process III. (§ 1200). 
He has also {Amer, Journ, Path,, vi, 1930, p. 45) stained oiigo- 
dendrogiia material fixed in formalin by placing blocks of 
tissue in 15 per cent, ammonia for twenty-four hours washing 
in running water overnight and then transferring them to formalin, 
20 c.c. ; urea, 4 grm. ; potassium iodide, 6 grm ; distilled water, 
80 C.C., for a week, thereafter cutting frozen sections, placing 
them in 4 per cent, urea overnight and staining in strong, undiluted 
silver carbonate solution (10 per cent, silver nitrate, 5 c.c. ; 
sodium carbonate, 20 c.c. ; ammonia to dissolve precipitate), for 
one minute to one and a half hours. The sections are washed 
rapidly in 60 per cent, alcohol and reduced in 1 per cent, formalin. 

Cone {Journ, f. Psych, u, Neur,, xxxiv, 1926, p. 204) stains 
neuroglia astrocytes and oiigodendrogiia in tissue fixed in Weigert’s 
“ gliabeize ’’ for seven days (with 10 per cent, formalin on first 
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day only), by placing frozen sections, after washing, in 10 per 
cent, pliosphomolybdic acid for twenty-four hours, thereafter 
staining in weak silver carbonate (see § 12^00) for one to two 
minutes (for oligodendroglia), or for five to ten minutes (for 
astrocytes) and transferring directly to 1 per cent, formalin. 

Horteua (Mem, d. L Real, Soc, Esp, d. Hist. Nat., 1928) fixes 
pieces of tissue not more than 2 to S mm. thick in potassium 
bichromate, S grm, ; chloral hydrate, 2 to 5 grm. ; 10 per cent, 
formol, 50 c.c., for two to three days. Dial or veronal may be 
used instead of chloral. After a rapid wash in distilled water the 
pieces are put into 1*5 per cent, silver nitrate for two to three days 
in the dark. Frozen sections are made and as impregnation is 
never very deep it is advisable to mount the first sections cut. 

Bailey and Bucy (Journ. Path, and Eact, xxxii, 1929, p. 785) 
stain oligodendroglia by Penfield’s method for microglia (§1202) 
using 10 per cent, ammonia instead of weak ammonia for the 
preliminar}^ washing overnight and substituting a saturated 
solution of lithium carbonate for sodium carbonate in the silver 
carbonate solution. 

Weil and Davenport (Arch. Neurol, and Psychiat., xxx, 
1933, p. 175) stain oligodendroglia in celloidin sections by treating 
the sections with 10 per cent, ammonia water before staining 
them in a solution prepared as for staining microglia in celloidin 
sections (see § 1202), but using 15 per cent, silver nitrate. Weaker 
formalin (10 per cent.) is used for reduction and the sections are 
allowed to drop to the bottom of the dish until the celloidin is 
stained brown. They are then moved about until the sections 
are coffee colour. This method works equally well with frozen 
sections. 

1205. For Mitochondria and Gliosomes. Del Rio-Hortega 
(Bol. de la Soc. Esp. de Hist. Nat., 1925, p. 84s) fixes small pieces 
for two to three days at 25® to 85® C. or for four to eight days at 
room temperature in a mixture of 10 per cent, formalin to which 
is added either 6 to 8 per cent, of iron alum or 1 to 2 per cent, 
uranium nitrate. He uses three modifications in staining these, 
(a) Frozen sections are made, washed in distilled water and 
stained in the silver carbonate solution used in Process III, and 
thence reduced in | per cent, formalin, after washing for mito- 
chondria, but without washing for gliosomes. Tone in gold and 
fix in hyposulphite, (b) Specially for gliosomes, but revealing 
also the processes of neuroglia cells. Fixation for two to eight 
days in iron-alum formalin, or after fixation in formol-bromide 
place for twenty-four hours in iron-alum solution. Frozen sections 
are washed first in two or three changes of water containing a 
few drops of ammonia and then in pure distilled water. Stain in 
10 c.c. of silver carbonate solution to which is added 3 drops of 
pyridin, heating to 45® to 50® G. until the sections take a light 
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tobacco colour. Wash one to three minutes in distilled water and 
reduce in 10 per cent, formalin, (c) Specially for the specific 
granules of ependymal cells. Fix in iron-alum and formol- 
bromide solution (10 per cent, formol, 2 per cent, ammonium 
bromide, 6 to 8 per cent, iron alum) for three to four days. Frozen 
sections are washed as in {h) and transferred first to 2 per cent, 
silver nitrate for ten to fifteen minutes, then after a rapid wash 
to silver carbonate for one minute. After the most rapid wash 
possible they are reduced in 1 per cent, formalin. 

Methods {a) and (c) after formol-uranium nitrate fixation are 
specially suitable for gliosomes and for inteffascicular oligo- 
dendroglia. 


METHODS FOR SENILE PLAQUES 

1206. Makinesco {UEncephale, xxiii, 1928, 697) places pieces 
of formalin fixed material not more than 8 mm. thick in 96 per 
cent, alcohol for twelve to twenty-four hours, washes them in 
distilled water and then puts them into 1*5 per cent, silver 
nitrate to which 10 per cent, pyridine has been added for twenty- 
four to forty-eight hours at 37*^ C. After a rapid wash in distilled 
water reduction is effected by a solution of 2 per cent, pyrogallic 
acid, 90 C.C., pyridine 10 c.c., in ten to twelve hours. Frozen 
sections may be cut or the material may be imbedded in paraffin. 

Braxjnmuhl {Zeitsckr, j\ d, ges, NeuroL ii. Psychiat., cxxii, 
1929, p. 817) uses frozen sections of well-fixed formalin material, 
which after a thorough wash in distilled water are transferred to 
20 per cent, silver nitrate for half an hour at 50° to 60° C. The 
sections are washed in i per cent, ammonia and reduced in 20 per 
cent, neutral formalin in tap-water for one to three seconds. The 
washing in ammonia is repeated and the sections are then left in 
formalin for five minutes, subsequently being well /washed in 
distilled water. They may be toned in gold chloride if desired. 

Divry {Riv, d, Pat. New., xl, 1932, p. 489) heats thin frozen 
sections of formalin fixed material until vapour rises in Hortega’s 
solution for microglia 5 c.c., distilled water 5 c.c., pyridine 10 drops. 
After a quick wash in distilled water the sections are reduced in 
10 per cent, neutral formalin, washed well in distilled water, and 
mounted in gelatin-glycerine. 

Although the above methods are more rapid, we have found 
that Da Fano’s modification of Bielschowsky’s method for neuro- 
fibrils is equally suitable for the demonstration of senile plaques. 

EYE 

1207. Retina: Fixation and Hardening. Notwithstanding the 
Encycl mik. Technik., 2nd ed., p. 75, we hold that osmic acid is 
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by far the best fixing agent. The retina of small eyes is best pre- 
pared by fixing the entire unopened bulb with osmium vapours. 

See also methods of Aoyama, Altmann, Mallory, etc., under 
Chapters XIII and, XXXII. 

Besides the sources quoted in the text, see Seligmann, Die mikro^ 
skopischen Untersuchungsmethoden des Auges, Berlin, S. Karger (Karl- 
strasse 13), 1899 ; Giltsef^ Anleitung zur, Mik. Untersuch. d. Auges, 
Beriin, Hirschwald, 3rd ed., 1910 ; the Art. “ Retina"'^ in Encycl, mik, 
Techmk,, 2nd eAyp. 575 ; andD’AxiTREVAUX, Technique Histo-bacterio- 
logique oculaire, Paris, 1926. See also the important work by Pouyak, 
Chicago, 1941. 

Szent-Gyoiigi (Zeii. /. wiss, Mi/cr., xxxi, 1914.), uses the following 
fluid 

Acetone 
Glacial acetic 
Formalin 
Sublimate 
iVq. dest. 

Leave whole small eyes in 100 c.c. of this mixture for two to three 
days, larger whole eyes six to seven days, after which one adds an addi- 
tional 50 c.c. of acetone to the fixative and leaves for a further two or 
three days. Transfer to pure acetone for three or four days, renewing 
on the last day ; then bring the eyes into a vessel of acetone, with a 
thick layer of desiccated calcium chloride at its bottom, for three or four 
days, renewing the CaClg, if necessary. Transfer from the acetone into 
a mixture of half ether, half absolute alcohol, then proceed as for 
celloidin imbedding. 

According to Ranvier {Traite, p. 954) you may fix the eye of 
a triton (without having previously opened the bulb — the sclerotic 
being very thin) by exposing it for ten minutes to vapour of 
osmium. Then divide it by an equatorial incision, and put the 
posterior pole for a few hours into one-third alcohol. 

Somewhat larger eyes, such as those of the sheep and calf, 
may be fixed in solutions without being opened. But it is 
generally the better practice to make an equatorial incision, 
and free the posterior hemisphere before putting it into the 
liquid. 

The older practice 'was to use strong solutions of pure osrnic 
acid alone ; but most of the best recent work has been done 
with chromic mixtures following the osmium’. 

Dr. Lindsay Johnson got the best results by suspending the 
globe over the steam of a 1 per cent, osrnic acid solution raised 
to the temperature at which vapour is seen to be given off (but 
not to boiling point) for five minutes in the case of human adults, 
or for one to three minutes in the case of human infants, all mon- 
keys and small animals, as in them the sclerotics are very thin. 
As soon as the sclerotic is felt to be firm to the touch, it should be 
opened by a small nick with a razor just behind the ciliary body ; 
or if the eye be that of an adult, the cornea and lens may be 
removed. The eye is then put for twelve hours into the mixture, 




5 ' »» 
40 „ 

4 grm 
100 c.c. 
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§ 53; it is then washed in running water, and suspended in a 
large volunae of 2*5 per cent, bichromate of potash for two days, 
then passed gradually through successive alcohols, beginning with 
20 per cent., and ending with absolute, taking five days from first 
to last. (See under Metallic Impregnations, § 883, kanvier, for 
cornea.) 

Other hardening liquids, however, also give good results 
provided that the fixation by the osmic acid has been properly 
performed: amongst them of Flemmings and that of 

Muller. Formaldehyde mixtures he does not recommend. 

Leber {Munch, med, Wochenschr,, xli, 1894, p. 605 ; Zeit. wiss, Mikr,^ 
xii, 1895, p. 256) advises a solution of formol 1, water 10. After a few 
days’ hardening in this, the eyes may be cut through, it is said, without 
derangement of the parts. The retina lies flat, and is at least as well 
preserved as with solution of Muller. 

See also Heppel {Arch, f. Ophthalm., xlv, 1898, p. 28(5 ; Zeit, wiss, 
Mikr., xvi, 1899, p. 79), who finds that formol fixes the lens badly, the 
retina well, so far at least as the absence of folds from shrinkage is con- 
cerned ; and Herzog {Arch, mikr . Anal,., lx, 1902, p. 517, and jEJncyd. 
mik, Technik., p. 75), who also approves of formol, but insists that it 
should be acid^ and adds 8 to 5 per cent, of acetic acid. 

Kolmeb {Arch, Gesammie Phys,, cxxix, 1909, p. 35), fixes for 
twelve to twenty “four hours in a mixture of 4 parts saturated 
solution of bichromate, 4 of formol of 10 per cent., and 1 of acetic 
acid. 

Benda {Verh, Ges. Naturf, JErzte, ixxi, Vers,^ 1900, p. 459) fixes in 
nitric acid of 10 per cent., and hardens in liquid of Muller, twenty-four 
hours in each. 

ZuRN {Arch, Anat. Phys., Anat, Abth„ 1902, Supp., p. 106) advises 
(for mammals) fixing in saturated solution of sublimate in salt solution 
of 0*6 per cent., with 1 to 1 J per cent, of acetic acid after removing the 
anterior pole and the vitreous. Wash out in alcohol of 35 per cent, 
made 5 per cent, stronger each day up to 50 per cent. ; then pass on to 
stronger and cedar oil and paraffin. 

Zenker’s and Bouin’s fluids fix the retina excellently. It is 
usually best first to fix the eye entire, either in one of these solu- 
tions or in 10 per cent, formol, and after twenty-four hours 
to open it by a mesial incision after freezing it thoroughly in an 
ice and salt mixture. When formalin is used the eye should be 
returned to the fixative for a further twenty-four hours or more. 
After Zenker’s or Bouin’s fluid it may be washed at once to clear 
away the vitreous. 

Greenfield and Nevin {Trans, Opkthal, Soc,, lm, 1933, p. 170) 
recommend for human eyes injecting 1 c.c. of 20 per cent, formalin 
in saline into the vitreous with a fine hypodermic needle. After 
six to eight hours the sclerotic may be incised and the eye further 
fixed in 10 per cent, formalin or Zenker’s fluid. 

Walls, G. L. {Stain Tech,, voL xiii, 1938) states that fresh eyes 
should be fixed for twenty-four hours in Kolmer’s fluid (above), 
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being opened only when the eye has arrived into absolute alcohol* 
A clean razor blade cut should be made and the lens then removed 
if desirable. Imbedding is by the hot-dry nitrocellulose method, 
extending the time for large eyes. Walls uses Mallory’s triple 
stain and Heidenhain’s haematoxylin. 

Some workers inject fixative into both anterior and posterior 
chambers, making additional punctures to enable the fluid to 
escape. Then they immerse eyes for further time in the fixative. 
Frozen sections have been made after fixation for some days in 
10 per cent, formol saline (see Oakley, Joum* Path* and Boot*, 
xliv, 1937). See also under Imbedding by terpineol (§ 148). 

1208. Staining. For general views we recommend iron- 
haematoxylin, followed by acid fuchsin or picro-fuchsin, or preceded 
by Bordeaux; or Kernschwarz, followed by safranin, or the 
Ehrlich-Biondi stain. 

The Methylene blue intra-vitam stain has given valuable results ; 
see the methods of Dogiel. 

But the most important method is the bichromate and silver 
impregnation of Golgi, first applied to this object by Tartueebi 
{Intern* Monatsschr,, iv, 1887, p. 421). This author employed 
the rapid process. So also Ramon y Cajal {La Cellule, ix, 1893, 
p. 121) with the double-impregnation process, §§ 1137 and 1142. 
To avoid the formation of precipitates on the tissues, he covers 
the retina, before silvering, with a piece of peritoneal membrane, 
or a thin layer of collodion. Or, better, he rolls the retinas {op* 
cit, p. 130). After removing the vitreous, the retina is cut away 
around the papilla with a punch or fine scalpel, and separated 
from the choroid. It is then rolled up (after being cut into 
quadrants or not), so as to form a solid block. This is painted 
with 2 per cent, celloidin, which is allowed to dry for a few 
seconds, and the whole is put into the bichromate mixture, and 
further treated as a solid mass of tissue. 

Ramon y Cajal also employs his neurofibril silver method, see 
Intern, Monatsschr* Anal* Phys., xxi, 1905, p. 393, and Trab. Lab. 
Inv. Biol., XV, 1920, p. 1. 

Golgi’s sublimate impregnation (Cox’s form) has also been 
successfully employed by Kbause and Ramon y Cajal. 

The bichromate and silver method serves for the study of the 
fibres of Muller and neuroglia cells, as well as neurones. Weigert’s 
neuroglia stain does not give good results. 

After Zenker fixation Mallory’s phosphotungstic acid hsema- 
toxylin may be used. 

1209. Dissociation. For maceration preparations you may use 
weak solutions (0*2 to 0-5 per cent.) of osmic acid for fixation and 
then macerate in 0*02 per cent, chromic acid (M. Schultze), or in 
iodised serum (M. Schultze), or in dilute alcohol (Landolt), or 
in Muller’s solution, or (Ranvier, TraiU, p. 957) in pure water, 
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for two or three days. Thin (Journ. of Anat, xiii, 18T9, p. 139) 
obtained very good results by fixing for thirty-six to forty-eight 
hours in one-third alcohol, or in 25 per cent, alcohol, and then 
staining and teasing. 

ScHiEFFEEDECKEE Hiacerates fresh retina for several days in 
the methyl mixture, § 544. 

Keause {Intern. Monaisschr. Anat, i, 1884, p. 225) recommends 
treatment for several days with 10 per cent, chloral hydrate 
solution ; the rods and cones are well preserved, 

INNER EAR 

1210. Inner Ear, Dissection. For the dissection of the human ear see 
PoLiTZEE, “Die anatomische u. histologische Zergliederung d. men- 
schlichen Gehoroganes,” Stuttgart (Enke), 1889 (Zeit, wiss, Mikr.y vii, 
1890, p. 364). Amongst the lower mammalia, the guinea-pig is a 
favourable subject, as here (as with some other rodents) the cochlea 
projects freely into the cavity of the bulla, and may be easily removed 
with a scalpel and brought into a fixing liquid, and opened therein. 
With fishes and amphibia also the membranous labyrinth may easily 
be got away. 

1211. Preparation. Schwalbe z. Phys. (C. Ludwig’s 

Festschr.), 1887, p. 200). Fix (cochlea of guinea-pig) for eight to 
ten hours in ‘‘Flemming,” wash in water, decalcify (twenty-four 
hours is enough) in 1 per cent, hydrochloric acid, wash the acid 
out, dehydrate, and imbed in paraffin. More recently it has 
become routine to use Bouin or Zenker. Pelman {Arch. Otolaryng., 
xxix, p. 39) has used the vital stain trypan blue. See also Van 
DEE Steicht {Conirib. Embry ol, Carnegie Inst., 9, 1920). 

Peenant {Intern. Monatsschr. Ancd., ix, 1892, p. 28). Open 
the cochlea in solution of Flemming or of Hermann, and fix 
therein for four to five hours. Avoid decalcification as far as 
possible, but if necessary take 1 per cent, palladium chloride. 
Make paraffin sections. 

Isolation preparations of the stria vascularis may be made by 
putting a cochlea for a day into 1 per cent, solution of osmic 
acid, then for four to five days into 0*1 per cent, solution ; the 
stria may then be got away whole. 

EAtz {Zeit. wiss. Mikr., xxv, 1908, p. Ill) fixes the inner ear, 
opened, for one or two hours in 30 c.c. of 0*5 per cent, osmic 
acid with 5 drops of acetic acid, then adds 10 drops of acetic 
acid and 60 c.c. of chromic acid (or platinum chloride) of 0*5 per 
cent, and leaves it for four days therein. He then rinses, puts 
for twelve to twenty-four hours into pyroligneous acid or pyro- 
gallol or tannin solution, decalcifies (not necessary for mice) 
in 200 parts of water with 1 of chromic acid and 4 to 10 of nitric 
or hydrochloric acid, and imbeds in celloidin or sometimes 
paraffin. 
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Bielschowsky and Brueiil {Arch. mikr. Anat., Ixxi, 1908, 
p. 27) fix the petrous in formol of 20 per cent., decalcify it in 
nitric acid of 5 per cent., wash this out, and put back for a few 
days into the formol, cut by the freezing method and silver by 
the neurofibril method (§ 1120 — twenty-four hours in nitrate of 
silver 4 per cent., but only a few minutes in the oxide bath). 

Similarly Mullenix {Bull. Mus. Comp. Zool. Harvard Coll., 
liii, 1909, p. 215). 

Stein {Anat. Anz., xvii, 1900, p. 398) decalcifies in celloidin 
by the method of Rousseau. So also Kishi {Arch. mihr. Anat., 
lix, 1902, p. 173). 

For staining, Ranvier {Traite, p. 991) employs his gold and 
formic acid method. 

The bichromate and silver method of Golgi may be employed 
with foetal or new-horn subjects. The methylene blue intra-vitam 
method has given good results. For the higher vertebrates 
the injection method should be employed. The Encycl. mik. 
Technik., i, p. 511, recommends injection of 1 c.c. of 0-5 to 1 per 
cent, solution every five minutes through the vena femoralis 
until the death of the animal. The cochlea then to be got out, 
exposed to the air for fifteen or thirty minutes, and fixed for some 
hours (overnight) in 10 per cent, ammonium molybdate with a 
little osmic acid. It is then decalcified in trichloracetic acid of 5 per 
cent, with a trace of platinum chloride, washing for twenty-four 
hours and got into paraffin. 

For fishes and amphibia the immersion method will suffice. 

Fraser {Ann. Otology, Rhinology and Laryngology, xxxii, 1923, 
p. 953) recommends for human material, opening the superior 
semi-circular canal before fixation so that the fixative shall 
penetrate to the internal ear. The block, which is trimmed 
as small as possible, is decalcified, aftet thorough fixation in 
5 per cent, formol or Muller’s fluid, by equal parts of 5 per cent, 
formol and 5 per cent, nitric acid, or in Per^nyi’s solution, changing 
the fluid very frequently. At least one month is needed for this. 
Wash in water four to five days, then pass gradually through 
the alcohols to alcohol and ether, and imbed in celloidin (thin 
celloidin one month, using an evacuation pump carefully to get 
rid of air bubbles from the internal ear, thick celloidin one 
month). 

1212, Other Methods. Waldeyer, Strieker’s Handb., p. 958 (deeal- 
cification either in 0*001 per cent, palladium chloride containing 10 per 
cent, of HCl, or in chromic acid of 0*25 to 1 per cent.). 

Urban Pritchard {Journ. Roy, Mic. Soc., xii, 1872, p. 380). Decal- 
cification in 1 per cent, nitric acid. 

Lavdowsky (Arch. mikr. Anat., xiii, 1877, p. 497). Fresh tissues 
(from the cochlea) are treated, with 1 per cent, solution of silver nitrate, 
then washed for ten minutes in water containing a few drops of 0*5 or 
1 per cent, osmic acid solution, and mounted in glycerine. 
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1213. Cummings (Journ. Comp. Neur., xxxviii, 1925, p. 401) fixes 
and stains the membranous labyrinth of the rat as follows : Fix for 
twenty-four to forty-eight hours in a modified Held’s fluid. (Formalin 
4 parts, glacial acetic acid 5 parts, 3J per cent. pot. bichromate 91 
parts.) Wash for twenty-four hours in running water, dehydrate up 
to 80 per cent, alcohol and decalcify in 3 per cent. HNOg in 80 per 
cent, alcohol. Pass through gradually weaker alcohols to 25 per cent, 
alcohol and then stain in diluted Delafield’s hsematoxyhn or Mann’s 
methyl blue eosin for three to five days. Dehydrate, adding a drop 
of ammonia to the alcohol, infiltrate with celloidin and cut by dry 
cedar oil method. 

1214. Method for Membranous Labyrinth of Mammals. 1. Fix entire 
temporal bone in 20 per cent, formalin with 5 per cent, nitric acid, and 
decalcify completely in this. Return to 20 per cent, formalin. 

.2. Make frozen sections, wash and place in 4 per cent, silver nitrate 
for twenty-four hours in the dark. 

3. Wash rapidly and put sections for a few minutes until they have 
a brownish tone in an ammoniacal silver nitrate solution made as 
follows : To 5 c.c. of 20 per cent, silver nitrate add 5 drops of 40 per 
cent, caustic soda ; add ammonia to dissolve the precipitate, and add 
20 c.c. of distilled water. 

4. Wash sections in slightly acidulated water (1 drop of acetic acid 
to 20 c.c. of distilled water). 

5. Reduce in 20 per cent, formalin. 

If necessary the operations described in (3) to (5) can be repeated 
once more after a thorough wash of the sections. 

1215. Olfactory Nerve-endings, Tactile Corpuscles, etc. Besides 
the gold method^ Chapter XVII, SLud the methylene blue method, 
Chapter XVI, the XBipid bichromate and silver method of Golgi 
should be employed, and for the olfactory mucosa gives the 
best results. Le Geos Claek and Wabwick {Journ. Neurol. 
Neurosurg. Psychiat., ix, 1946, p. 101) applied Bodian’s protargol 
method to rabbits after perfusion with 70 per cent, alcohol via 
the aorta. See van Gehuchten, La Cellule, vi, 1890, p. 405. 
For intra-epidermic nerve-endings, besides the methods given 
in Chapter XL, the Golgi method should be employed. 
According to van Gehuchten (La Cellule, ix, 1893, p. 319) it 
gives much better results than gold methods. He uses the rapid 
process. For tactile corpuscles, etc., besides the methods given 
in Chapter XL, see Ramon y Cajal’s neuro-fibril methods. 

METHODS FOR DEMONSTRATING THE BLOOD VESSELS OF 
THE NERVOUS SYSTEM 

1216. In recent years the vascular pattern of the central nervous 
system and particularly the pattern of its capillaries has been the 
subject of increasing interest. In the past the vessels have been 
studied by means of injection techniques which though well 
suited to experimental work on animals are less suitable for use 
with human material. The introduction of a benzidine stain 
specifically adapted for nervous tissues by Pickwobth {Journ. 
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Anatf Ixix, 1984, p. 62) stimulated much work on the capillary 
pattern in normal and pathological material. By this method 
and by its various later modifications the red blood cells within 
the vessels are stained black, showing conspicuously against a 
colourless background. When using these methods care must be 
taken in handling the tissue before fixation so that the blood in 
the vessels is not displaced. 

We have found the modification of Pickworth’s method given 
by Doheety, Suh and Alexandee {Arch, Neurol, Pyehiat, xl, 
1988, p. 158) to be particularly successful. Fix tissues in 10 per 
cent, formalin for one to three weeks. Cut frozen sections at 
200 to 800 fXi and wash in distilled water for at least half an hour. 
Place for ten minutes in the first staining solution (dissolve 
0*5 grm. benzidine in 50 c.c. absolute alcohol ; dissolve 0-1 grm. 
sodium nitroprusside in 10 c.c. distilled water ; mix these two 
solutions and make up to 100 c.c. with distilled water), wash 
briefly in distilled water and place in second staining solution 
until vessels stand out black, if necessary heating to 37® C. (second 
staining solution : absolute alcohol 50 c.c. ; glacial acetic acid 
2 c.c. ; 30 per cent, hydrogen peroxide 0-5 c.c. ; sodium nitro- 
prusside (dissolved in water) 0*1 grm. ; distilled water to make 
100 c.c.). Wash sections in distilled water, dehydrate first in 
70 and 95 per cent, alcohol, each acidified with 2 per cent, 
glacial acetic acid, then in absolute alcohol, not acidified, and 
finally in xylene. Mount in balsam. 

Eeos (-4rc/t. Path., xxi, 1941, p. 215) described a fuchsin method 
which could be used on old formalin-fixed material. See also Dbummond 
{Anat, Rec,, Ixxxix, 1944, p. 93). 

Pfaff and Williams {Stain Tech,, xvii, 1942, p. 165) use a method, 
employing benzidine, nitroferricyanide and hydrogen peroxide, for 
demonstrating blood vessels, applied to formalin -fixed specimens of 
whole mouse organs and to rat embryos ranging in thickness up to 
5 mm. This staining technique outlined the blood vessels by reacting 
with the haemoglobin of inter-luminal erythrocytes. The specimens 
were treated in a mixture of 5 per cent, benzidine in 2-5 per cent, acetic 
acid, and 5 per cent, aqueous sodium nitroferricyanide ; then in dilute 
hydrogen peroxide (4-6 drops HgOg to 100 c.c. water). After dehy- 
drating in alcohol and dioxan, clearing in cedar oil or xylol, they were 
mounted in balsam or stored in cedar oil. The staining procedures 
were carried out at 37® C. 



CHAPTER XLIV 


CULTURE METHODS FOR INVERTEBRATA * 

The following account is limited to fresh-water and terrestrial 

invertebrates as the author has had no experience in rearing 
parasitic and marine animals. For more extensive information, 
the book, Galtsoff, Lutz et aL, ‘‘ Culture Methods for Inverte- 
brate Animals,” Comstock Publishing Company, 1937, should be 
consulted. 


PROTOZOA t 

1217. General Suggestions on the Culture of Protozoa. Bacteria 
constitute the basic food of protozoa, either directly or indirectly. 
Consequently the essential constituent of a protozoan culture is 
some dead organic material that will undergo bacterial decorhposi- 
tion and hence furnish an ample supply of bacteria. The kind 
of organic material used is usually of no consequence. Commonly 
employed substances are wheat, oats, barley, rice, and other 
cereal grains, hay, dried or fresh lettuce, boiled water weeds, 
and commercial products such as malted milk powder, and 
prepared breakfast cereals. Any material used in a culture 
should be dead and if not should be boiled to kill it. Cultures 
should stand for a few days before being inoculated with protozoa 
and should be allowed to acquire bacteria from the air. 

Whereas the kind of organic material used is inconsequential, its 
concentration is of paramount importance as different kinds of protozoa 
require different degrees of bacterial decomposition for their best develops 
ment. Therefore preliminary experiments using several concentrations 
of various media are necessary in finding a suitable medium for a given 
protozoan. In general, rhizopods and holozoic flagellates flourish best 
under conditions of slight decomposition whereas ciliates and sapro- 
phytic flagellates require a high bacterial content. 

In making up cultures, natural pond water, spring water, rain 
water, or water doubly distilled in a pyrex glass still may be 
employed. The first should be strained free of larger organisms 
or may be heated just enough to kill small animals present. 
Wherever distilled water is mentioned below, that doubly dis- 
tilled in glass is meant. City tap waters should be avoided if 
possible ; if necessary to use them they should stand for two or 
three weeks in large aquaria containing plants. Such water is 
termed hereafter conditioned water. For very exact work an 

By L.H. , 

t Refer also to § 723 et seg. 
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ai'tificial salt solution must be used ; some fbrmula3 are given 
later. 

Allee et al, devised the following artificial pond water (Journ. Exp. 
Zool.^ be, 1934, p. 189) : CaClg, 100 mgrm., NaNOg, 50 mgrm., MgS 04 , 
50 mgTm., K 2 SO 4 , 50 mgrm. to each litre of aq. dest. 

It is impossible to give specific directions for finding in nature some 
particular kind of "protozoan. In general, submersed vegetation and 
bottom mud should be collected from a variety of ponds, ditches, 
lakes, lagoons, and habitats rich in sewage and organic decay, placed 
in jars with varying amounts of water, preferably from the natural 
habitat, and examined daily for types of protozoa present. Green 
flagellates can practically always be obtained by collecting green scums 
from ponds. 

1218. Isolation of Single Protozoa. To isolate a single protozoan, 
a mouth pipette is useful. Draw out a short piece of glass tubing 
to a fine point at one end, and attach a flexible piece of rubber 
tubing about a foot long to the other. Have the rubber tubing 
in the mouth while examining the culture under low power and 
when a desired protozoan is seen bring the point of the glass 
pipette up to it and exert suction on the rubber tubing.. The 
plungei' pipette of Kujgil (Joum. Boy. Micro. Soc., 1922, p. 267) 
is still more useful. To exclude other protozoa, the selected 
individual should be passed through several drops of sterilised 
culture medium ; after each transfer, the end of the pipette 
should be dipped in hot water, then cooled. These methods 
will not of course suffice to free protozoa from bacteria. 

1219. Bacteria-free Cultures. For the preparation and main- 
tenance of bacteria-free cultures of protozoa, training in bacterio- 
logical techniques is necessary. For general instructions con- 
cerning bacteria-free cultures see the chapter by Kidder in 
Calkins and Summers (eds.), Protozoa in Biological Research^ 
Columbia University Press, 1941. The following methods serve 
only to yield large numbers of the organisms in question without 
pretending to eliminate other organisms and of course in most 
cases bacteria are intentionally present as they serve for food. 

Rhizopods 

1220. Cultivation of Large Amoebae.* Boil 25 gr. of wheat 
or twenty-five 1-inch lengths of hay for five to ten minutes in a 
litre of spring, rain, or aq, dest. Cool, aerate, pour the water 
into finger bowls (4 inch or 10 cm. diameter) to a depth of about 
i inch (15 mm.). Add two of the wheat grains or two of the 
pieces of hay. Leave open to the air for several hours to become 
inoculated with bacteria. Cover loosely and after three or four 
days add the amoebae and organisms on which they feed. Suitable 
organisms are small colourless flagellates such as Chilomonas and 

* For origin of these methods see § 725. 
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Menoidium, small holotrichous ciliates, and Paramcecium. New 
cultures should be made at intervals of two or three weeks. 

The main point to be borne in mind in the cultivation of large 
amoebae is that fermentation must be kept io a minimum ; the 
water must remain clear. Do not add more than the above 
amount of food. The amoebae are found on the bottom of the 
culture. 

1221. Artificial Salt Medium for Amoebae. For experimental work, 
the following Chalkley-Hahneut solution {Biol, Bull., Ixii, 1932, 
p. 206) is suitable : CaClg, 4 mgrm, Kcl, 4 mgrm,, CaH 4 (PG 4 ) 2 , 2 mgrm., 
Mg 3 (P 04 ) 2 , 2 mgrm., Ca 3 (P 04 ) 2 , 2 mgrm., in 1 litre aq. dest. 

1222. Cultivation of a Soil Amcebia. Reich (Journ. Exp. ZooL, 
ixix, 1935, p. 497) found a soil amoeba to require a far higher salt 
concentration than the above, and used the following medium : NaCi, 
100 mgrm. K 2 HPO 4 , 10 mgrm., MgS 04 , 10 mgrm., CaClg, 10 mgrm., 
peptone, 1 grm., dextrose, 1 grm., trace of FeClg, 100 c.c. aq. dest. 
Boil, filter, place in test tubes, and autoclave. 

1223. Other Rhizopods. Forms such as Arcella, Difflugia, 
Actinosphcerium, etc., may be grown on the same wheat or hay 
medium as given under § 1220. Slightly more food may be added. 

Flagellates 

1224. Green Flagellates. The green flagellates such as Euglena, 
Phacus, Trachelomonas, etc., and the flagellated green algse as 
Chlorogonium, Chlamydomonas^ are presumably autotrophic and 
theoretically should be cultivable in the light in a medium of 
balanced inorganic salts. Actually, however, they require or 
multiply better in a salt medium containing organic nitrogenous 
substances, chiefly split products of proteins. The requirements 
of different species differ and some juggling of constituents may 
be necessary in cultivating hitherto uncultivated forms. In 
regard to Euglena, this flagellate is in fact difficult to maintain 
in constant culture, except for the easily cultured but very small 
species Euglena gracilis, also called agilis, and many of the larger 
and more desirable species have not been cultivated successfully. 

It is understood that the following media are poured into test tubes 
or small flasks, plugged with cotton, and sterilised in the autoclave. 
They can then be kept indefinitely. To keep them bacteria-free, they 
must be inoculated and maintained with bacteriological precautions. 
Cultures should generally be brought to about neutrality (pH 7 * 0 ) by 
addition of HGl or NagCOs or NaOH as necessary. Weights given are 
for the hydrated condition in salts that contain water of hydration. 

Simple media for Euglena: 1 grm. malted milk powder in a 
litre of distilled water or 40 split peas boiled in a litre of water 
(BAKEj^y Biol. BuM., ]iy 1926, p. 323) ; 10 grm. Difco proteose- 
peptone in a litre of aq. dest. (B.ALh, Arch. Protistenk.,^1^^ 
1933, p. 240) ; or 7-5 grm. Difco tryptone in a litre of aq. dest. 

VABE-lilEOTO. , ' ■' 20 ' , , 
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(Hall, AreL Protistenk, xc, 1937, p. 178) ; or sterilised tap 
water with small cubes of coagulated egg-white (Bold, Journ, 
Tennessee Acad. Sci., xi, 1936, p. 211). 


Salt media for Euglena : numerous formulse differing but slightly 
occur in the literature ; the following was found used by several 
authors : KNO^, 0-5 grm., KH^PO^, 0-5 grm., MgS 04 , 0-25 grm., NaCl, 
0-1 grm., FeCia (10 per cent, solution), 3 drops, 1 litre aq. dest. 


To this or a variant thereof there is added nitrogenous organic 
material as : Liebig’s extract of beef, 2*5 c.c. per litre (Prings- 
heim, Afch, PTOtistenk., Ixiii, 1928, p. 256) ; or Difco beef extract, 
0*05 to 0*5 per cent, (w^eigh on a balanced paper and put paper 
bearing the extract into hot water) ; or 5 grm. Difco dehydrated 
tryptophane broth (Hall, Arch. Protistenk, Ixxix, 1933, p. 239) ; 
or 5 grm. partly hydrolysed casein (Jahn, Biol. Bull., Ixi, 1931, 
p. 390) ; or 5 grm. Difco-tryptone (Hutner, Arch. Prostistenk., 
Ixxxviii, 1936, p, 94). Other formulae for balanced salt solutions 
will be found in Schoenborn, Physiol. Zool., xv, 1942, p. 326 ; 
Bold, Journ. Tennessee Acad. Sci., xi, 1936, p. 207 ; Pringsheim' 
Pure Cultures of Algee, Cambridge, p. 35. 


Soil extTract (Bold, loc. cit., p. 208) : autoclave 500 grm. garden soil 
m a flask with 1 litre aq. dest. for two hours at 15 lb. pressure. Allow 
to cool, decant, filter several times. For Euglena take 15 to 25 c.c. of 
this, 1 c.c. of 5 per cent. KNO 3 solution, and make up to 100 c.c. with 
aq. dest. 


^25. UniceUular Flagellated Green Algae. Chlorogmium ■. 
NaCl, 3 mgrm., Ca2S04, 15 mgrm., MgSO^, 4-5 mgrm., KNO, 
1-3 mgrm., ICH2PO4, 100 mgrm., FeCl.,, 2-5 mgrm., sodium 
acetate, 3^grm., bacto-tryptone, 10 grm., aq. dest., 1 litre (Loefer, 
* hysiol. Zool., xv, 1942, p. 333). Jacobsen soil-water culture 
(Ztschr. Botanih., ii, 1910, p. 151) : into a small flask put 1 grm. 
fibrin or casein, 20 grm. garden soil, and 100 c.c. tap water andi 
place in the light. Chlorogonium develops from the soil. 

Chlamydomonas : dissolve 1 cube Armour’s bouillon in 400 c.c. 
tap water, boil, dilute with an equal vol. of cold sterilised water,' 
keep in south window, and every two to three weeks remove 
part of the fluid and replace with fresh (Whitney, Journ. Exp. 
Zool, xvii, 1914, p. 547). Method of Heetel (Physiol Zool, xv, 
1942, p. 305) : 2 capsules Wilson’s desiccated liver, | cube Armour’s 
beef bouillon, 250 mgrm. desiccated cabbage, 250 mgrm. NaCl, 
800 c.c. tap water. Boil, cool, every third day pour off two-thirds 
and replace with fresh medium. 

1226. Colonial Volvocales. Method of Sehreiber for Gonmm, 
Pandortna, Eudorina {Ztschr. Botanih., xvii, 1925, p. 339) : 
Ca(N03)2, 6*25 grm., KNO3, 0*06 grm., MgS04, 0*06 grm., KoHPO., 

* 6 grm., trace of ferrous sulphate, 1 litre dist. water ; keep in 
ight at moderate temperatures. According to Pringsheim {Pure 
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Cultures ofAlgw, 1946, p. 102) traces of peptone or beef extract are 
preferable to nitrate as a source of nitrogen. Haetmann (Arch, 

Protistenk,, xliii, 1921, p. 241) grew Eudorina for long periods 
on Benecke’s solution (see below) ; recommends thorough cleaning 
of glass vessels, transference to new glass dishes at intervals ; 
keep cultures light and warm. 

Volvox was cultured by Uspenski and Uspenskaja (Ztschr. Botanik, 
xvii, 1925, p. 307) : KNOg, 0-025 grm., MgS 04 , 0-025 grm., Ca{N 03 ) 2 , 

0*1 grm., KH 2 PO 4 , 0 025 grm., K 2 CO 3 , 0-0345 grm., Fe 2 (S 04 ) 3 , 0*00125 
grm., aq. dest., 1 litre. Additional iron in the form of FcgOg to the 
extent of 0-5 to 1 mgrm. per litre should be added every ten days in 
summer, and once a month in winter. Bonn (Journ, Tennessee Acad, 

Sci., xi, 1936, p. 209) finds luxuriant growth of Volvocales in 0*05 per 
cent. Benecke’s solution, or 0-05 per cent, modified Knop’s solution, or 
soil extract as given above for Euglena, These forms also grow well 
in Jacobsen -Pringsheim soil-water cultures. 

However, Rice (Biol. Bull., xcii, 1947, p. 200 ) failed to grow Volvox 
by any methods extant in the literature but was successful with a fish 
meal medium. Heat 200 mgrm. fish meal in a litre of spring water 
to 80--90 C, shake, filter, and add 0*5 c.c. of a 1 per cent, solution of 
ferric chloride per litre. Spring water (composition given) and iron 
are essential. 

1227. Colourless Flagellates, Polytoma : may be grown in Prings- 
heim’s medium or manure infusion or bone meal infusion. Prings- 
heim’s medium (Beitrage allg. Bot., ii, 1921, p. 88 ) : 2 grm. sodium 
acetate, 2 grm. glycocoll, 5 grm. KgCOg, 0*1 grm. MgS 04 , 0-2 grm. 

K 2 HPO 4 , 1 litre aq. dest. Manure infusion according to Shull (Journ, 

Exp. Zool., viii, 1910, p. 316) : put fresh horse manure in a cheese- 
cloth bag and hang in about three times its volume of water for a few 
days ; prepare fresh infusion every four or five days. Manure infusion 
according to Whitney (Science, xxxii, 1910, p. 345) : put 150 grm. 
fresh horse manure in 500 c.c. water and sterilise for one hour in the 
autoclave ; or (Whitney, Journ. Exp. Zool., xvii, 1914, p. 547) put 
800 grm. fresh horse manure in 1200 c.c. water, sterilise one hour at 
10--15 lb. pressure, dilute with three times its volume of sterile water, 
change every day or two. Strain off solids. Bone meal in hay infusion 
(Ferris, Biol. Bull., Ixiii, 1932, p. 443) : hang a cheese-cloth bag con- 
taining 200 grm . boiled bone meal in hay infusion and change the bone 5 

meal every forty-eight hours. Hay infusion ; boil 1 grm. ground hay If 

in 4 litres of tap water for ten minutes and strain off the hay. Polytoma 
may also be grown in 0-01 per cent. Benecke’s solution or in soil-water ! 

cultures. Jacobsen (Ztschr. Botanik, ii, 1910, p. 153) got luxuriant 
cultures as follows : put 1 grm. fibrin or casein in a small flask, add ' 

20 grm. bottom slime from ponds, etc., and 100 c.c. tap water. 

CMlomonas : may be grown in Loefer’s medium for Chlorogontum i 

(see above) or Jacobsen’s slime-water culture given for P^ytoma. ; 

Halsey (Journ. Exp. ZooZ., Ixxiv, 1936, p. 171) uses hay infusion: ; 

boil 400 mgrm. chopped hay twenty minutes in 200 c.c. spring water, | 

let stand for twenty-four hours, and mix with an equal part of the old ■ 

culture. Mast and Pack (Physiol. Zool., 'xi, 1938, p. 360) maintained | 

bacteria-free cultures of CMlomonas in the following medium : Na ! 

acetate, 150 mgrm., NH4CI, 46 mgrm., (NH 4 ) 2 S 04, 10 mgrm., K 2 HPO 4 , 1 

20 mgrm., CaClg, 1 mgrm., MgClg, 1 mgrm., aq. dest. 100 c.c. ; transfer | 

to fresh culture must be made every two or three days. CMlomonas f 

will also grow on wheat cultures as recommended for ciliates. Astasia : I 

20—2 . j 

I ' 
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Difeo-tryptone 7-5 gr KH,PO„ 10 gr., Na acetate, 10 gr., aq. dest.. 
1 litre (ScHOENBOBN,^wn. iVcM! York Acad. 5'«.,xl, 1940, p. 5). Pkings- 
HEiM starch-chalk culture (New Phytologist, xli, 1942, p. 172) : in the 
bottom of a test tube place a smaU amount of starch mixed with 
calcmm carbonate, add 4 cm. of garden soil (not too rich in humus) 
mKed with a little sand, then add 4 cm. of tap water ; plug with 
cotton, sterilise half hour in the autoclave, and inoculate after feveral 
days. This method will also grow Menoideum. 

Menoideum. Peranema, Entosiphon : put a piece of beef suet 
in tap or pond water and inoculate after one week (Hall and 
Po^LL, Biol. Bull., liv, 1928, p. 37). Method of Lackey 
(Science, Ixv, 1927, p. 261) ; into large test tubes put 5 gr. whole 
wheat grains and 25 c.c. tap water ; plug with cotton and lead 
toil, autoclave at 15 lb. pressure for two hours ; add tap water 

to make a total of 50 c.c. and use in various dilutions after 
shaking. 

1228. Various Salt Media. In addition to the salt mixtures 

given above the following are often used in the culture of flagellates 
and flagellated algae. They should be tried in various dilutions 
and may profitably be employed in place of water in making up 
cultures. & r 

Benecke’s fluid (Bot. Zeitg., Ivi, 1898, p. 83) ; NH^NOg, 0-02 per 
cent., 0-01 per cent. ; KgHPO^, 0 01 per cent., MgSO. 0*01 ner 

cent., FeClg (1 per cent, solution), 1 drop per litre. Beyerinck’s 
BactermL Parasitenk,, iv, Abt. II 1898 p 786) • 

A/T \ of a 1 per cent, solution, aq. dest. 100 c c 

“O' 

1229. Jacobsen-Pringsheim Soil-water Cultures. This type of 
culture appears to have been originated by Jacobsen (£schr. 
Botamk, u 1910, p. 153) and has been extensively used and 
advocated by Peingsheim (Journ. Ecology, xxxiii, 1946, p. 193 
also Pure Cultures of Alga, Cambridge University Press 1946)’ 
It appears to be extremely successful for the culture of all types 
of flagellates and algae. 

Into the bottom of a test tube put 1 or 2 gr. of wheat rice barlev 
or other cereal, or a little starch, or a smaU piecI of fibrin, casein SeSe’ 

protein food, cover with 8-4 cm’, of dry 
some sand but not too rich in humuJ 
and cover this with 5 cm. of water. Plug with cotton and Tf w^tod 
for pure culture of some specific protozoan, heat for three hours iust 
below boihng point After standing one to several days inocSirth 
he desired form. Omit boOing in preliminary experiments to determine 
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1230. Agar Media. Agar may be added to any of the above 
media and they may then be used as agar slants or in petri dishes*. 
Agar cultures are useful for many green forms which may assume 
the palmella stage in which they will keep for long periods. They 
can be made motile again by putting into fresh salt media. Agar 
is used in 1 to 3 per cent, concentrations. The agar should be 
placed in a bag and washed two or three days in running water, 
then soaked for a day in several changes of distilled water, before 
being used in making culture media. Or plain 1-3 per cent, 
agar may be used in the bottom of the culture vessels and a 
balanced salt medium placed above the agar. 

Ciliates 

1231. Paramoecium. Paramoecium requires a culture medium 
high in bacterial content and therefore is grown on relatively 
concentrated media. The following are commonly used. Cultures 
may be made with tap water, should stand open to the air for a 
day to become inoculated with bacteria, and then stand three or 
four more days before being inoculated with Paramoecium. 
Paramoecium often fails to take in freshly made cultures. Transfer 
to fresh cultures should be made every two or three weeks or 

# whenever decline is evident. 

Wheat culture : Put 50 to 60 gr. of wheat in a litre of water and 
bring to a boil but do not let boil. Hay culture : Boil 10 grm. of hay in 
a litre of water for ten to fifteen minutes ; dilute ten times for making 
cultures dividing up the hay also. Malted milk culture : Add 0*5 to 
1 grm. of Horlick’s malted milk powder to a litre of water ; not neces- 
sary to boil. Extract of beef : Make a 0*025 per cent, solution in aq. 
dest. of Liebig’s extract of beef (Woodruff and Baitsell, Journ, Exp. 
ZooL, ii, 1911, p. 137). Presumably Difco beef extract may be used 
instead. Lettuce powder : dry lettuce leaves in an oven but do not let 
them become too brown or charred. Grind up into powder in a mortar 
and pestle. Use 0*5 grm. per litre of water and boil for one minute. 
A piece of scalded lettuce leaf, about 3 inches square to a litre of water, 
may also be used. Pdblum : use 0*5 gTm. pablum per litre of water ; 
may be sterilised thirty minutes at 15-20 lb. pressure (Anderson, 
Science, xc, 1939, p. 448). Pablum is a patent infant’s food obtainable 
in drug stores. Pond weeds : pond weeds that have been brought to 
a boil make excellent cultures for ciliates ; a spray of Elodea about 
1 foot long in a litre of water is suitable for Paramoecium. 

1232. Culture of other Ciliates. Practically any bacteria- 
feeding ciliate may be grown on the above media which should 
be tried in various dilutions, usually greater dilution than for 
Paramoecium. Carnivorous ciliates may be grown ip spring 
water or very dilute hay or wheat cultures to which are added 
small ciliates for food. The latter can be grown in paramoecium- 
type cultures. 

Didinium should he given a liberal number of Paramoecium daily. 
The blue Stentor preferably eats small ciliates of the Colpidiam type 
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(^miNGTON, Arch. ProUstenk., Ixxvi, 1932, p. 126) ; will also eat. 
Blephartsnia (Gerstein, Proc. Soc. Exp. Biol. Med., xxxvii, 1937 
^10). Blephansma may be grown in a culture of 0 02 to 0*03 m-in 
ay plus 1 g:^ of boiled wheat to 100 c.c. of spring water (Dawson 
Journ. Exp. Zool., ^vi, 1926, p. 348). The blue Stentor prefers an 
alkaline medi^, pH 7-7 according to Hetherington. Vorticella may 
be ^o^ in dilute hay, wheat, or boUed pond weed cultures. It can 
numbers by gathering pond weeds and placing 
with only enough water to cover about an inch above 
> l^nt such cultures endure only a few days. For 
methods of mducmg encystment, excystment, and conjugation see 
Finley, Trans. Amer. Micro. Soc., Iv, 1936, p. 3^. ®ee 

1233. Salt Medium for Ciliates. For exact experimental purposes 
It IS desirable to grow ciliates in a balanced salt medium and add 
specific bacteria, which must of course be grown in separate 
cultures, as food. 

o”gi“ated by Osterhaut, has been much 
employed : NaQ, 52 grm., MgCl^, 4-25 grm., MgSO^, 2 grm., KCl 
1 15 pm., CaOj, 0-5 grm., 1 litre aq. dest. ; autoclave for twenty 
minpes at 15 lb. ; to use dilute 500 times (Leslie, Physiol. ZmT xiif 
buffered' details). The diluted medium should be 

«H 7 0 Jif M NaH,PO, to each 30 c.c. and brought to 

pH 7-0 with NaOH. To get bacteria-free eiUates foDow the niethod 

ssi. 

PORIFERA 

1234. Fresh-water Sponges. No method is known for the eontinun,.= 

culture of the Spongillidas. However, they will often flourish for 
considerable periods m balanced aquaria containing plante ^d mav 
mrt ^wmg j,te Gmmules 

kgt « r ?„'T “» '« “to " SS. 

vessel Kept at 20 -25 C. m slowly running water (Brien Arch ZonJ 
Ge«., Ixxiv, p. 467), but usually the ySung spores do Totlur^^t 

CNIDARIA 

1235. Hydra. Hydra may be cultivated continuously in the 

laboratory m battery jars or aquaria. Plants are not necessary 
but suitable water is the most important factor. If natural 
pond water is not available, conditioned water from balanced 
aquaria is satisfactory. Balanced aquaria are those in which 
plants aM animals have been grown for at least three weeks and in 
S? ^remained char. Avoid spring, distilled and 

bv adST moderate temperatures. Feed daily 

by adding a reasonable number of Daphnia, which should be 
grown m separate cultures. 

remove Daphnia remains from bottom with a suction 
tube. Prepare new cultures at frequent intervals Test tiio cTi+IkA*" 
of available water by placing a few hydras in it. ' If they soon ei^and 
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and extend their tentacle^, the water is suitable, but if they remain 
contracted, it is not. The main difficulty in culturing hydras is their 
tendency to go into a state of depression in which they remain contracted 
and gradually disintegrate. This state results from over-feeding, too 
high temperature, fouling of the water, etc. When it occurs remove 
the best specimens to a fresh culture and keep them cool. 

PLATYHELMINTHES 

1236. Rhabdocoels. Stenostomum is easily grown in wheat 
cultures. Place 20 gr. of wheat in a litre of spring, pond, or 
other suitable water, and bring to a boil. Cool, aerate, pour 
into dishes in the above proportions (two or three wheat grains to 
each 100 c.c. of water), and after three or four days inoculate 
with Stenostomum and Paramoecium and other ciliates as food. 
Larger forms as Microstomum, Macrostomum, and Mesostoma may 
be maintained in dishes of clear water containing some pond 
debris and fed daily by adding small crustaceans or chopped 
oligochsete worms such as Bero or in fact bits of almost any 
invertebrate. Macrostomum and Stenostomum will flourish in 
hydra cultures where they feed on Daphnia remains. 

1237. Planarians. Some species of fresh-water planarians are 
more suitable than others for laboratory culture. Most are easily 
maintained in laboratory. Keep in covered glass dishes, crocks, 
pans, or aquaria away from strong light. Do not crowd the 
worms. 

Peed three times a week by placing in the vessel pieces of beef, liver, 
earthworms, clams, insect larvae, etc. Beef liver is the most practical 
to obtain. After two or three hours, remove all traces of the food, 
discard the water, rinse thoroughly, and replace with fresh water. 
Tap waters are usually acceptable to planarians although those heavily 
treated with chemicals may be injurious in time. 

NEMERTINA 

1238. Fresh-water Nemertime. This animal may be maintained in 
aquaria of clear water containing growing vegetation and pond debris. 
Food must be supplied in the form of small crustaceans, nematodes, 
annelid worms, etc. The water must remain clear. Reproduction 
occurs throughout the year. 

ASCHELMINTHES 

1239. Rotifers. Bacteria-feeding rotifers may be grown in 
the same types of culture as recommended for ciliate protozoa, 
made of cereal grains, hay, malted milk powder, lettuce, etc. 
Proales (Noyes, Jowm. Exp.ZooL, xxxv,1922, p, 227; Jennings 
and Lynch, Journ, Exp, Zool.^ l, 1928, p. 350) and Lecane (Fine- 
singer, Journ, Exp, ZooL, xliv^ 1926, p. 64 ; Miller, Biol, Bull,, 
lx, 1931 , p. 345) have been grown in fifteen to twenty flakes of rolled 
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oats boiled three minutes in 100 c.c. spring water, or 1 grm, 
wheat or rye grains boiled ten minutes in 40-50 c.c. of spring 
water, or | to 1 grm. of Horlick’s malted milk powder boiled in 
1 litre of spring water. All are filtered and allowed to stand for 
a few days before using in order that they may become inoculated 
with bacteria. 

Carnivorous rotifers are grown in spring, rain, or pond water or 
manure or hay extracts to which are added protozoa, one-celled algse, 
and various small pond animals as food. Asplanchna (Mitchell, 
Journ, Exp. ZooL, xv, 1913, p. 92 ; Whitney, Journ. MorphoL, xlvii, 
1929, p. 416) and Apsilus (Cori, Ztschr. Wiss. ZooL, cxxv, 1925, p. 558) 
have been cultured in this way with Pammoecium, ciliates, and general 
pond organisms added as food. Euchlanis (Liebers, Ztschr. Wiss. 
ZooL, cl, 1937, p. 209) was fed with scrapings from the walls of aquaria 
containing pond organisms and pond dibris. For more exact purposes, 
carnivorous rotifers are grown in manure extract and fed with specific 
organisms cultured separately. The best food appears to be colourless 
and green flagellates and one-celled algse as Polytoma, Chlamydomonas, 
Chlorogonium, Chlorella. For the culture of these organisms and the 
methods of making manure and hay infusion see above under Pro- 
tozoa : also consult Shull, Journ. Exp. ZooL, viii, 1910, p. 316 ; 
Whitney, Science, xxxii, 1910, p. 345, Journ. Exp. ZooL, xvii, 1914, 
p. 547 ; PARRIS, Biol. Bull., Ixiii, 1932, p. 443 ; Hertel, Physiol. ZooL, 
xv, 1942, p. 305. 

1240. Free-living Nematodes. Chandler {Science, lx, 1924, 
p. 203) has found that fresh-water and soil nematodes can be 
cultured in large numbers on ordinary nutrient agar plates. 

Fresh-water nematodes may be obtained by sifting pond debris 
through a coarse sieve, then through finer and finer sieves. The agar 
plate should also be inoculated with a few drops of pond water to 
supply bacteria. To obtain soil nematodes, a small amount of rich, 
preferably manured, soil may be placed in a fine, sieve and washed in a 
beaker of warm water whereupon the nematodes fall to the bottom of 
the beaker. A drop or two of the water containing nematodes is then 
placed on the agar plate. 

ANNELIDA 

1241. Smaller Oligochaetes. Aeolosoma may be grown in the 
same types of cultures as recommended for ciliate Protozoa. 
The Naididise such as Dero, Nais, Aulophorus are easily cultured 
on lettuce. Lettuce leaves (bland varieties, avoid any with bitter 
taste) are placed in a vessel in water and brought to a boil, then 
stored in a refrigerator. Covered crystallising dishes are con- 
venient. If only a few worms are available, fill the crystallising 
dish with about 2 inches of water, add a piece of boiled lettuce 
about 2 inches square, and inoculate with worms. As the worms 
increase, larger pieces of lettuce may be added. Set up fresh 
cultures at frequent intervals and discard the old ones. Naididse 
may be obtained by collecting pond vegetation and debris and 
placing in vessels with just enough water to cover, whereupon 
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the worms will generally come to the surface. Van Cleave 
(PhysioL ZooL^ x, 1937, p. SOI) grew Pristina in wheat cultures of 
seven to eight boiled wheat grains to 500 c.c. of water ; protozoa 
were added or the scum from jars of pond vegetation and debris. 

The Tubificidse are interesting for class study of annelids and also 
useful as food for salamanders, fish, leeches, planarians, and other 
small carnivorous invertebrates. They are easily maintained in the 
laboratory, but as they do not multiply asexually, little increase in 
numbers will occur. They may be obtained in the soft mud of ponds 
and slow rivers, especially those receiving sewage. Place the mud 
containing the worms in vessels to a depth of 3 or 4 inches and cover 
with a like depth of water. From time to time bits of food such as 
manure, bread crumbs, potato parings, boiled potatoes, or lumps of 
yeast may be pushed into the mud* Do not overfeed ; water should 
not become foul. "VYhen wantbd for use, remove some mud with worms , 
place in a strainer, and wash away the mud. 

The Enchytrseidas are also much used in laboratories as food 
for fish, amphibians, etc. They may be cultured in large dish 
pans dr wooden boxes filled to a depth of 4 inches with rich garden 
soil, compost, or leaf mould, or mixtures of ; these keep damp. 
For food, soak pieces of bread in whole milk, squeeze out most 
of the milk, and bury in the culture ; or small masses of un- 
cooked rolled oats may be used. Keep the cultures in a cool 
place (at about 60® F.) and make new cultures frequently. 

1242. Earthworms. Earthworms may be kept in large boxes 
filled with good garden soil mixed with leaf mould and decaying 
leaves or compost or both. Another recommendation is one- 
third good garden soil, one-third manure (not too fresh), and one- 
third decaying: leaves. Keep damp and cool (not above 60° F.). 

Avoid too many worms in a box ; about 50 per cubic foot is recom- 
mended. To grow earthworms on a large scale it it necessary to main- 
tain compost piles. Dig a shallow pit 4: feet square and in this put 
6 inches of weeds and vegetable refuse, then 2 inches of manure, then 
1 inch of dirt mixed with a little wood ashes and hydrated lime. Repeat 
the layers until the pile is 3 or 4 feet high with the dirt layer on top. 
Keep continually damp. During winter cover with manure. After 
the pile has begun to compost (takes, three or four months at summer 
temperatures) earthworms are mtroduced into the pile which will take 
two or three thousand worms. In using the compost for box cultures 
it should be mixed up with a spading fork. As additional food, corn- 
meal, pablum, or potato parings may be placed on top of the compost 
in the boxes. 

The manure 'woTm. Eisenia AUolobophor a) fmtida flourishes in 

piles of partly rotted horse or cow manure. 

Earthworms that have been experimented on keep better in small 
pots of damp garden soil than in the dishes, lined with filter paper 
usually recommended. 

1243. Leeches. The small non-bloodsueking glossiphoniidse are 
the most suitable for laboratory culture. They may be kept in 
vessels of water containing aquatic plants and pond debris. 
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They may be fed with pond snails, tubificid or enchytr*id 
worms, pieces of earthworms, or pieces of raw fresh meat or 
liver. Keep cultures free from uneaten food. Under vood 
conditions they will reproduce freely. The larger blood- 
generally live some time in clean aquaria 
without food; aquaria must be carefully covered to prevent 
their escape. To feed them they must be given opportunity to 
suck blood from vertebrates. 


MOLLUSCA 

1244. Pond Snails. The pulmonate pond snails are generally 
easy to maintain m laboratory cultures. Some species are more 

shifuM species in a particular locality 

should be determined by experiment. They may be kept in 

aparia contaming pond vegetation and pond dehris, in a cool 
place away from strong light. Food consists of pond vegetation, 
filamentous algae, decaying leaves, and lettuce. The last named 
w <me of the most convenient foods for aquatic snails. The water 

if necessary by the addition of 

lumps of calcium carbonate. 

1245. Terrestrial Snaik and Slugs. The former may be reared 

m termria simulating the natural habitat. The bottom of the 
damp™ leaf mould kept continuously 

Stones, sticks, and pieces of rotting wood are desirable as shelter 

sloSynSe water ^th 

arthropodia 

^aphnia may be grown in small numbers in 

etc tb large supplies for feeding of fish 

foom non^“ A -T t"*? “ or out- 

doors ponds. Avoid metal containers. While it is easy to keen 

Daphma under continuous cultivation, the writer knows of no 
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method that will yield a uniformly large supply continuously. 
The yield usually varies within wide limits and cultures apparently 
prepared in the same way may give diverse results. The main 
causes of failure are too much fermentation, too little food, and 
failure to change the water. The water in small containers 
should be changed once a week or transfer to new cultures made 
at about that interval, or in the case of large containers should be 
changed when decline in reproduction is noticed. The food of 
consists of bacteria, one-celled algae, and similar minute 
organisms. The principle of Dap/tma culture is to maintain a 
good supply of bacteria without too much fouling of the water. 
Avoid fresh tap water and use pond water or conditioned tap 
water. 

Banta soil-manure method (Science, liii, 1921, p. 557) : to 
2 lbs. of fine garden soil add 6 oz. of eight to ten days’ old horse 
manure, and 10 quarts of water. After standing three days, 
strain through a fine cloth, working some of the fine silt through. 
Dilute two to four times for use, depending on how concentrated 
it appears, and also distribute the silt. May be inoculated at 
once with Daphnia, This method was devised for culture in 
small containers. The writer feels that for large containers, the 
soil-manure mixture (proportioned to the size of the containers) 
may be left on the bottom and additional mixture added at 
intervals. The strained solution will support Daphnia for 
five days only and then must be replaced by fresh solution. 

Bond yeast method (Science, Ixxix, 1934, p. 60) : make a uni- 
form suspension of quarter-cake Fleischmann’s yeast in 50 to 
100 c.c. water ; add to 60 or 70 litres of water in an aquarium ; 
keep air bubbling through the aquarium. Water will be slightly 
milky; as it clears from eating of the yeast by Daphnia, add 
more yeast suspension. 

Chipman cottonseed-meal method (Science, Ixxbii, 1934, p. 59) ; to 
each litre of filtered pond water add 90 gr. of garden soil and 17 gr. 
of cottonseed meal. Stir thoroughly, let stand five days, decant super- 
natant fluid, strain this, dilute with 100 parts filtered pond water, and 
bring to pH 7*2 with sodium carbonate. Renew about once a week. 
Soybean meal may probably be substituted. Embody and Sadleb 
(Trans. Amer. Pisheries Soc,, Ixiv, 1934, p. 205) used a similar method 
for growing Daphnia in outdoor concrete tanks 8 X 12 feet, con- 
taining 1 foot of water. They added to each such tank 1 pint of cotton- 
seed meal or 1 part of soybean meal or J pint of dry buttermilk and 
repeated in the same or diminished quantities every five to seven days 
up to three weeks when the are strained out and utilised. 

The tanks are then drained, disinfected with strong chlorinated lime, 
and the process repeated. This method yields a large quantity of 
Daphma at three-week intervals. 

Hyman lettuce method (Trans. Amer. Mic. Soc., lx, 1941, 
p. 865) : obtain a quantity of discarded lettuce leaves of bland 
varieties from grocery stores, place in a container with water, 
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bring to boil but do not let boil, and store in refrigerator. Place 
a few indies of water in the culture vessel, add boiled lettuce 
leaves in the proportion of about one leaf to each square foot of 
surface. After this has stood for a few days, inoculate with a 
liberal number of Daphnia, Repeat inoculation until the Daphnia 
take. After the Daphnia have begun to flourish, gradually add. 
water and additional lettuce leaves as the old ones disintegrate 
and sink until a depth of 8-10 inches has been attained. As the 
Daphnia become numerous, additional lettuce leaves must be 
added almost daily but the water must remain clear. The water 
must be changed at frequent intervals ; in general when the 
water seems dark and the organisms are no longer multiplying 
rapidly, the time has come to change the water. From large 
containers, three-fourths -of the water should be siphoned off 
through a rubber hose through a cloth net to retain Daphnia, 
which are then returned to the fresh culture. Also the bottom, 
accumulation of disintegrated lettuce should be partially rernoved 
at intervals. The occasional addition of animal flesh as dead fish, 
frogs, tadpoles, or small mammals, is desirable and is usually 
followed by a noticeable increase of Daphnia, However, such 
material quickly fouls the water and must be added with caution. 

1248. Cyclops. This crustacean requires foul water with a 
high degree of fermentation and can be grown on strong manure, 
hay, or wheat cultures to which mixed protozoa have been added. 
Cyclops will develop in old protozoan cultures or in the above 
Daphnia lettuce cultures if they become foul. 

1249. Crayfish. Crayfish may be kept in large aquaria of clear 
water provided with a bottom of gravelly sand with some piled stones 
for refuge. They feed mainly at night ; they will eat bits of raw 
meat or pieces of freshly killed fish, frogs, tadpoles, etc., or pieces of 
clams and earthworms, also raw apple, potato, carrots, etc. (Bell, 
Journ. Compar, Neurol,, xvi, 1906, pp. 323, 324 ; Chidester, Amer, 

xlii, 1908, p. 712). 

1250. Amphipods and Aquatic Isopoda : these animals are 
scavengers. They can be maintained in vessels of water con- 
taining pond debris, especially decaying vegetation and rotting 
leaves. They will also thrive in the Daphnia lettuce cultures 
where they may be grown simultaneously with Daphnia, 

1251. Terrestrial Isopods : these can be maintained in tightly covered 
terraria with a bottom layer of damp soil rich in humus and leaf mould, 
and stones and pieces of rotting wood for refuge. High humidity must 
be maintained and temperatures should be cool to moderate. Slices of 
raw vegetables may be added occasionally. 

Insects 

1252. Aquatic Insect Larvae* Chironomus larvae, very useful 
as food for other animals, may be grown in lettuce cultures as 
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recommended for Daphnia, As the adults do not feed the cultures 
are self-perpetuating but must be maintained in large containers 
.as the females will not deposit eggs in small containei's. Guard 
against accumulation of spiders, near the cultures as these 
■ gradually eliminate the adults. 

Sadleb Cornell Univ. Agric, Exp. Sta. Memoir ITS, 1935, p. 1) grew 
Chironomus in outdoor concrete or wooden troughs and tanks to 
which was added fertiliser as sheep manure plus superphosphate, 
or sheep manure plus soybean meal, or soybean meal alone, in the ratio 
of about 1 pint to each 100 cubic feet of water. The fertilisation may 
be repeated later. It is best to let the pint of fertiliser material ferment 
in a dish of water for a day or more before being added to the tanks. 
Beanch (Journ. New York Entomol. Soc.y xxxi, 1923, p. 15) grew 
Chironomus larvae by adding milk to the culture. Mosquito larvae will 
also grow in lettuce cultures as directed for Daphnia. Frost, Hebms, 
and Hoskins (Journ. Exp. ZooL, Ixxiii, 1936, p. 462) grew them in 
cultures containing 2-5 grms. of fresh Fleischmann’s yeast per litre of 
water. 

Carnivorous aquatic nymphs and larvae such as those of dragonflies, 
damselflies, beetles, etc., may be overwintered in aquaria of pond 
material to which are Sidded Daphnia, Chironomus larvae, or small 
annelid worms as food. 

1253. Terrestrial Insect Larvae. As a large, easily accessible 
literature exists on the rearing of insect larvae, only a brief account 
will be given here. Extensive directions for the culture of many 
kinds of insects are given in the book ‘‘ Culture Methods for 
Invertebrate Animals,” already referred to. The following are 
merely methods for maintaining stock cultures. of some desirable 
laboratory insects, and are not concerned with determination of 
the exact nutritional requirements of insects (for a treatment of 
this phase of the subject see the review by Tracer, Physiol. Rev., 
xxi, 1941, p. 1). 

General formula for insects attacking stored products (Haybak, 
Journ. Econ. Entomol., xxix, 1936, p. 1026) : I. corn meal, 4 parts by 
weight, whole wheat flour, 2 parts, skim-milk powder, 2 parts, dried 
powdered yeast, 1 part, wheat middling or bran, 2 parts ; make a 
thorough blend and keep in an insect-proof container. II. mix equal 
parts of honey and glycerine. To use mix equal parts of I. and II. and 
let stand twenty-four hours ; place clumps of the mixture in insect 
cages and keep warm and humid. For insects adapted to dry conditions , 
II. may be omitted. For grasshoppers extra water should be provided. 
This diet succeeds with wax moths, various beetles infesting stored 
grains, meal moths, dermestids, grasshoppers, and others. 

Simple formula for insects attaching stored grains : 95 per cent, 
whole wheat flour and 5 per cent, dried brewer’s yeast (Gunn and 
Kniqilt, Journ. Exp. Biol., xxi, 1945, p. 13). Whole Wheat flour is 
best prepared by grinding the wheat grains in a hand mill. This formula 
is satisfactory for similar beetles, 

also flour moths. 

Orthoptera. Cockroaches may be kept in jars or aquaria fitted with 
screen or cheesecloth covers and fed a diet of equal parts of dried skim 
milkj and hard-gTOund whole wheat flour (Melampy and Maynard, 
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Physiol. Zool, x, 1037 , p. 86 ; McCay, Physiol. Zool, xi, 1988, p. 88) • 
or whole wheat bread, banana, and raw beef (Griffiths and' T auber* 
Physiol. Zool., XV 1942, p. 197). Keep at about 25“ C. and supply 
■water in a smaU beaker inverted over filter paper. Grasshoppers Me 
<nxltivated m insect cages of wire mesh with a sliding glass front 
Jomn. hew York Entam. Soc., xxxv, 1927, p. 41). In winter they 
are given lettuce, best m the form of half or quarter heads, renewed 
every four or five days, and in summer they may be provided with 
grass and clover. When the grasshoppers are ready to lay, 2 to 4 inches 
of damp sand, depending on length of the ovipositor, is put or«^e 
bottom of the cage. The glass front is cut so that the lower part stays 
m place to hold the sand. Sand must be kept damp but not too wet 
J’® removed weekly to another lot of sand. Develop-' 
ment can be accelerated by placing sand with eggs over a trouah con- 
taining an electric light bulb of suitable wattage. ^ 

^^®’l“-®ating beetles may generally be grown on the 
two formulae above. Carpet beetles do well on fish meal (Gbiswold 
Vniversity Agric. Exp. Sta. Memoir, No. 240 
1941, p. 2) placed on a piece of woollen cloth ; they also eat feathers’ 
ur, and dead insects. Japanese beetle larvae require plant mold • 
Ludwig and Fox (AMEntonwl. Soc. America, ^i, 193?p W) 
•^ere most successful with the decaying material froiii the tesrof 
Andropogon grass plus live wheat grains ; keep warm and Jiumid 
Me^worms may be grown on a large scale in tiers of wooden boxes 
mmilar to the drawers of dressers. These boxes are lined with aalv^n! 
ised sheetmg that projects at the top for 3 inches horizontally to 
prevent escape of the beetles. There should be ample aTdSation 
ic Wheat bran is the most convenient food This 

IS placed to a depth of 1^ inches and 1,000 or more adult beetles added 
to each box. Ihe bran is then covered with two thiclcnesses of bnriar, 
kept continuously damp by spraying with an atomiser or soakina in 
water a,nd wringing out tightly. Burlap must not be too wet Sd no 
water should get into the bran. After placing the damp Sa^over 
the bran and beetles put eight to ten pieces of potato, ^rrot lettuce 
leaves or apple peeling on top of the burlap.^ S fS’surfece 
exposed on the vegetables. As the larvae eat the b™n 
powder ; fresh bran is then added. When most of the bran bt 
powdery the whole culture is put trough a 

^ beetles remain behind. The ’live beetles 

may then be put into a fresh culture. By proper screenino- i 
are then separated from the used bran which is dSTed an^X 
ifTran in a d^^er of fresh bran covererwS tw^lay^ 

of damp burlap as before but without vegetables. Repeat siftinc^nt 
of larvae and transference to fresh bran whenever the bran b^® ^ 

powdery. Cultures should be kept dark and warm^ 80“f85“^F 4t 
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really eat wax but rather pollen (BUydak, Annals Entomol, SoL 
America, xxix, 1936, p. 587) ; they can be grown on Haydak’s formula 
above. The Mediterranean flour moth can be cultivated on the whole 
wheat flour-dried yeast formula ; Whiting (Journ. of Heredity, xii, 
1921 , p. 255) used rolled wheat cereal. 

Diptera. Adult blowflies may be reared in cages provided with 
dry lumps of sugar and strips of lean beef (Haub and Miller, Jourri, 
Exp, Zool., Ixiv, 1932, p. 54). Supply water in a small beaker inverted 
over filter paper in a petri dish. The beef is replaced every other 
day and the eggs laid on it removed to other cages supplied only with 
lean beef for the larvae. The latter when ready to pupate may be 
placed in crumpled paper towelling on which they clean themselves 
by crawling about and then transferred to pupate to rumpled cheese- 
cloth. For method of sterilising the eggs for the sterile culture of the 
maggots see the above article, also Tarshis, Journ, Labor ^ Clin. Med., 
xxii, 1937, p. 1055. 
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BOTANICAL TECHNIQUE ^ 

GENERAL METHODS OF FIXATION IMBEDDING 
SECTIONING AND MOUNTING 

1254. Introductory. The fundamental methods described for 
animal tissues are in general equally applicable to those of plants. 
No speciaT killing agents are required; the fixative fulfils this 
function. Plant material must be kept in first-class condition 
until it can be studied or fixed and preserved. Just prior to 
killing, portions for examination should be cut free of unwanted 
parts and immediately immersed in the fixative. Further trim- 
ming is best done below the surface of the liquid. 

Better results usually accompany the use of more careful 
treatments, provided that effective reagents are used in every 
stage from fixation to the final mount. No amount of later care 
can correct inadequate fimtion. It is only too evident that in both 
histological and cytological work many fallacious observations 
are traceable to insufficient care during the early stages of treat- 
ment of the material upon which the observations are later 
based. Less exacting methods are, of course, permissible providing 
it is clearly recognised that only limited demands can be made 
upon the finished product. 

General references; Belling, The Use of the Microscope^ 1928 ; 
Chamberlain, Methods in Plant Histology^ 5th ed., 1932 ; Dor and 
Gautier, Manuel de technique^ histologic et microbie vigetales, Paris, 
1928; Johansen, Plant Microtechnique^ New York, 1940 ; Kisser, 
Botanische Mikrotechnik, Jena, 1926 ; Krause, Enzyklopddie der 
mikroskopischen Technik, 3rd ed., Berlin, 1926; Rawlins, P%to- 
pathological and Botanical Besearch Methods, Wiley, 1933 ; Schneider- 
Zimmerman, Die botanische Microteehnik, Jena, 1922 ; Smith, Trans. 
Amer, Micr. Soc., xxxiv, 1915, p. 71 (historical) ; Taylor, General 
Botanical Microtechnique (in McClung, Microscopical Technique, 1937). 

1255. Fixatives. For rough anatomical work, in which the cell 
wall structure is most important, fix and preserve in 4 per cent, 
formalin or 70 per cent, alcohol. Camoy and saturated alcoholic 
solutions of corrosive sublimate or picric acid give better results. 
For objects which easily turn black, Overton {Zeitt, wiss. Mik., 
vii, 1890, p. 9) uses alcohol containing sulphurous acid. An 
aqueous or alcoholic solution of picric acid may also be combined 
with sulphurous acid. See also § 1377. 

♦ ByD. G. C. 
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Waeiiington BoL, xl, 1926, p. 27) uses a mixture of 

3 grm. corrosive sublimate, 3 c.c. glacial acetic acid and 100 c.c. 
40 per cent, alcohol, afterwards washing in 70 per cent, alcohol 
until iodine is no longer decolorised. Such thorough washing 
must follow all corrosive sublimate fixations. More delicate 
materials require better fixation. The following widely used 
fixatives are roughly in order of excellence: Flemming and its 
modifications (§§ 50,1377), acetic alcohol, Carnoy,Navashin (§ 1378), 
chromo-acetic (§ 47), Bouin (§ 116), aceto-formalin alcohol 
(§ 1256), formalin alcohol (§ 1256). For greater precision of action 
smaller pieces of material should be used; in Flemming fluids 
the diameter should not exceed 3 to 4 mm., and is preferably 
much less. No effort should be spared to expose the critical cells 
and tissues to the direct action of the fixative. Except with 
formalin, alcohol and formalin alcohol (which are also preserva- 
tives), the material should be washed well and brought gradually 
into 70 per cent, alcohol, in which it is stored. 

McWhoeter and Weiee {Stain Tech,^ xi, 1936, p. 107) recom- 
mend a mixture of 50 c.c. dioxan, 6 c.c. formalin, 5 c.c. glacial 
acetic acid and 50 c.c. water. Transfer fixed material direct to 
dioxan and mount in dioxan-diaphane or dioxan-balsam. This 
is suitable for delicate objects, but they may require dioxan 
dilution of the balsam and a slow concentration of the mountant 
by evaporation. Marine organisms should be fixed in fluids made 
up with sea-water ; see § 1261 and § 1397. 

1256. Preservatives. For general purposes, 70 per cent, alcohol 
is the safest ; add 5 to 20 per cent, of glycerin (Calberla’s fluid) 
to minimise the effects of evaporation. Reduce the alcohol 
concentration to 50 per cent, for woody or tough material, and 
increase to 85 per cent, for delicate material. Fornialin, at 4 per 
cent, strength, keeps material in a less brittle state than strong 
alcohol. Calcified specimens should be kept in alcohol or neutral 
formalin. Prepare the latter by adding borax until the solution 
gives a red colour with phenolphthalein. 

Methyl alcohol may be substituted for ethyl, but denatured 
alcohol should be avoided owing to the cloudiness of the aqueous 
solutions. 

Other preservatives : 96 c.c. of 70 per cent, alcohol and 4 c.c. 
of formalin ; 100 c.c. of 50 per cent, alcohol, 6.5 c.c. formalin and 
2.5 c.c. glacial acetic acid. 

See also §§1808, 1397 and 1414. 

1257. Preservation of Special Substances. Calcium Carbonate or 
Sulphate Beposits. Fix in alcohol free from acids. Cystoliths 
should be stained, rapidly dehydrated, cleared and mounted in 
balsam. A small degree of solution is difficult to avoid ; cystoliths 
should not be left in tap-water, in which they are often soluble. 

Cellulose, as food reserve in seeds, etc., is preferably collected 
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before maturity. Cut sections under water rather than alcohol. 
If dry and mature, treat like hard woods. 

Collenchyma and pectic substances are troublesome if too soft. 
Preserve and cut in 70 per cent, alcohol, swelling with water 
afterwards if required. A stronger alcohol may be used to harden 
collenchyma if necessary, but subsequent swelling is more 
difficult. 

Crystals, as cell inclusions, show best in sections of fresh material 
mounted in water or in 2 per cent, acetic acid. Mounted in balsam 
they lose too much in visibility. 

Inulin. Cut material into small blocks and treat with several 
changes of absolute alcohol to remove the water rapidly and 
completely. Cut with a knife flooded with absolute alcohol. 
Stain sections with a saturated solution of orange G in clove oil, 
wash in xylol and mount ; inulin appears darker in colour than 
the general tissues. 

Resin, e.g, in Gymnospermae, is preserved and stained by 
immersion in saturated aqueous copper acetate solution for one 
to several weeks ; wash the excess of copper acetate out and 
preserve in 50 per cent, alcohol. The resin retains a bright green 
colour when the sections are mounted in glycerine. 

Starch is better preserved in alcohol than in formalin or acidic 
solutions which might hydrolyse it. Usually, however, it is 
preferable to be rid of it. 

1258, Decalcification should be carried out as gently as possible. 
Dilute hydrochloric acid (2 per cent.) is most generally useful ; 
the concentration may be increased up to 10 per cent, for more 
rapid results. Acetic acid is more gentle, nitric acid more violent. 
If the material is soft, fix in formalin alcohol, harden, and decalcify 
in strong alcohol by cautious addition of acetic acid. Formalin, 
oxidising to formic acid, will reduce or remove lime from specimens 
especially if small in amount. Per^nyi’s solution is also sometimes 
used. For more accurate preservation of calcified material fix 
in chromo-acetic, sublimate acetic, Flemming, etc., and repeatedly 
exhaust the material under a vacuum pump. 

1259. Desilification is usually carried out by means of hydro- 
fluoric acid, either full or half-strength, in a wax or wax-coated 
bottle. The chemically pure reagent should be used for more 
delicate material, but the commercial preparation suffices for most 
purposes. Dry woods should be boiled in water and exhausted of 
air before treatment with HF. (See also §§ 1273 and 1274.) Whole 
organs after fixation should be thoroughly freed of air by means 
of a vacuum pump while soaking in strong alcohol. If parts of the 

• material are rather delicate, demineralisation is better carried out 
in weak alcohoi|, than in water, to avoid maceration. 

Diaphanol (L^itz) is suitable for softening all indurated tissues 
(lignified and chifcinised, as well as silicified). 
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1260. Herbarium material (or dried crude vegetable drugs) for 
anatomical study, either following imbedding and sectioning or 
maceration, should first be moistened with alcohol to reduce the 
air film and then soaked in water. Gentle heat may be applied 
to hasten the process, and a vacuum pump should be used to free 
the material from all air. Various methods have been adopted for 
softening and clearing such material. 

LmmBmu {Hedwigia, 1888, p. 58; Rev, Mycol,, xi, 1889, 
p. 95) softens dried algse and fungi in water and then gently warms 
them in concentrated lactic acid until they show small bubbles. 
This method is less certain with other, more resistant, material. 
The addition of phenol, recommended by Zimmermann, is of 
little help on old material, the gel colloids of the walls having 
lost part of their reversibility. Lacto-phenol and lacto-glycerine 
have also been used. 

McLean’s method [New Fhyt.y xv, 1916, p. 103). Place the 
material directly into absolute alcohol for at least twenty-four 
hours. Pieces of large size should also be subjected to a reduced 
pressure (10 cm. mercury or less) during their immersion ; delicate 
and small objects do not require this treatment. Next, grade down 
very gradually to distilled water, in which the material may be 
left indefinitely. The growth of moulds is prevented and recovery 
hastened by placing in a hot chamber (e.g., paraffin oven). 
Material in bulk soaks out better than sections. When the 
material is well soaked, transfer to 4 to 8 per cent, aqueous potash 
for six to nine days. Better results are obtained if, after half the 
period of immersion is over, the potash is allowed to concentrate 
to one-third its original volume. The potash must not be heated, 
otherwise the cellulose tissues would be destroyed. A reduced 
pressure assists removal of air and is to be employed during the 
concentration of the potash. Neutralise the potash with several 
changes of dilute acetic acid (15 to 20 per cent.) ; avoid the use 
of mineral acids. Then wash in water until the latter is neutral 
to litmus. If the material is still deeply coloured, the acetic acid 
may be shaken up first with bleaching powder, excess of which 
is removed by filtration. 

The possibilities of the method are limited by the method of 
drying. The more thorough and rapid has been the drying, the 
better is the resuscitation. 

See also Arber, Ann, Bot, xl, 1926, p. 447 ; ibid., xliii, 1929, 
p.41. 

Staining presents some difficulties, since the solvent action of 
potash on lignin affects the reactions of lignified walls. McLean 
recommends a 2 per cent, aqueous solution of fuchsin or a solution 
of fuchsin decolorised by sulphurous acid for ten to fifteen minutes. 
After the latter stain, wash in tap- water until excess acid is removed. 
Counterstain with light green in clove-oil after dehydration. 
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Horton (Ann. Boi., xxxYiii, 1924, p. 404) finds that prolon<xed 
toeatment whh dilute sodium hypochlorite solution brings 
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to concentrate, not too rapidly (at least two days), in a place 
protected from dust. Later replace the concentrate with 95 per 
cent, or absolute alcohol. See Hemenway, Science, Ixxii, 1930, 
p. 251. 

Dilute (10 per cent.) aqueous phenol can also be used and 
allowed to concentrate, but its action is too harsh except for 
clearing whole unstained mounts. 

. Overton’s method for microscopic objects {Zeit wise. Mik,, 
yii, 1890, p. 9). After fixation in a drop on a slide or coverslip, 
add a drop of 10 to 20 per cent, alcohol and support the prepara- 
tion above absolute alcohol in a close chamber. A shallow dish 
with its upper edge ground and sealed with a vaselined glass plate 
is an efficient container. The chamber must be set in an even 
temperature, away from insolation. In a few hours the drop 
becomes almost absolute. Then add a drop of very dilute alcohol- 
ether- celloidin solution (about one-fifth the strength of the first 
solution used for celloidin imbedding) and spread it evenly by 
tipping the preparation back and forth. As soon as the celloidin 
no longer appears to flow, immerse the slide in 80 per cent, alcohol, 
wet side up. The film becomes hard in a few minutes and the 
material can further be handled without fear of loss. 

1262. Clearing of Bulk Material. Any glycerine used in the 
preservative or for dehydration must first be removed by repeated 
changes of alcohol. An alcohol-xylol series is most used for 
clearing, but alcohol-chloroform is preferable. Cedar oil is 
good ; place some in a phial and an equal amount of absolute 
alcohol containing the material above it. The objects sink 
through into the oil and become impregnated ; wash in clean oil 
and replace with xylol. 

1263. Clearing of Material for Mounting. Xylol is most used ; 
a graded alcohol-xylol series is indicated if material tends to 
collapse. Clove oil is very useful, it will clear sections from 
95 per cent, alcohol and is frequently used as a differentiating 
agent ; wash out well with xylol afterwards. Anilin oil is hard 
on stains and cedar oil easily clouds with atmospheric moisture. 

With celloidin sections a mixture of 25 per cent, or less crystal- 
lised carbolic acid and 75 per cent, or more xylol is probably 
best ; Eycleshymer’s fluid sometimes injures the stain. 

Other Methods. In §§ 134 et seq. are given other methods 
used in animal microtomy and also applicable to plant material. 

1264. Imbedding. Eor a general account of botanical methods, 
see lAissmi (Abderhalden Handb. bioL Arbeitsmethoden, Ait, ti, 
Teil 4, pp, 391, and 533). The use of paralBSn is advised wherever 
possible • that of collodion or other media only where they are 
imperative. 

1265. Paraffin Method. See Kisser {Cytologia, iv, 1933, 
p. 288) for "a critical survey* The solvents in general use are 
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xylol and chloroform, the latter being the more useful as the 
material becomes less brittle* Plant material requires more time 
than animal material owing to the impedance of the cellulose walls. 
For this reason the addition of fragments of wax in the cold, 
followed by further addition when the phia] (still stoppered) is 
on the oven top, is beneficial. Continue the additions until the 
solvent is saturated with. wax. Then place in an open dish inside 
the oven to evaporate off the solvent. The times should be 
shortened as much as possible consistent with the avoidance of 
shrinkage and the distortion of the material. 

Another method is to employ a series of graded xylol-paraffin, 
or chloroform-paraffin mixtures, keeping the material two to six 
hours in each. Those below the point of saturation are used at 
room temperature, those above saturation need to* be placed on or 
in the oven. 

Dowson’s Quick Paraffin Method {Ann, Bot,, xxxvi, 1922, 
p. 577). Material after dehydration, by concentration in glycerine 
and its replacement with absolute alcohol, is transferred to a 
mixture of melted paraffin (52° C, m.p.), xylol and absolute alcohol 
in the proportion 1 : 2 ; 3, and placed, stoppered, inside the oven. 
After twenty-four hours, allow the xylol and alcohol to evaporate 
off and imbed in fresh wax. The method is suitable for anatomical 
purposes. 

Pasternack introduced a rapid method which has been adapted 
to plant material by Keens {Stain Tech,, xvi, 1941, p. 155). 
Fix in Craf, hastening the process by heat and an increased vapour 
pressure, by using screw top vials. Dehydrate with Zirkle’s 
butyl alcohol series likewise hastened. Secure rapid penetration 
of paraffin by use of equal parts of paraffin and butyl alcohol in 
heated screw top vials. Sections are held on the slide through 
staining by albumen fixative and a coating of 0-2 per cent, celloidin 
in absolute alcohol and ether. Time for whole operation may 
be as short as three hours. 

Some material, especially that containing much starch, is often 
hard to cut in paraffin. Storage of the paraffin blocks in water for 
several weeks softens the material and facilitates sectioning. See also 
Couch, Science, Ixxii, 1930, p. 607. 

Veh (Ber, Deutsch, hot, Ges,, 1, 1932, p. 42) uses soft wax (m.p, 
46° C.) instead of hard and cools the block to — 3° C. prior to 
sectioning. This shortens the imbedding time and gives smooth 
sections in a continuous ribbon with a relatively dull knife, 

Rau {Journ, Indian Bot, Soc,, viii, 1929, p. 131) describes the 
use of vacuum flasks in paraffin imbedding. See Campbell, 
Bot, Gaz,, xiii, 1888, p. 158 (chloroform method). 

The preparation and use of hardened imbedding paraffins 
having low melting points are reviewed by Waterman {Stain 
Tech,, xiv, 1939, p. 55) (see § 161). It is also useful io add anti- 
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crystallising adjuvants, so that delicate material has less chance 
of distortion and so that thinner sections can be cut at room 
temperature with a wax of melting point below 52° C. Suitable 
adjuvants are : 1 per cent, crude rubber with a trace of asphalt ; 
a small amount of castor oil; bayberry “wax”; asphalt; 
0*5 per cent, “petroleum ceresin ” ; Japan “wax”; the 
chloroform-soluble components of hard coal tar when freed from 
the solvent by prolonged heating ; bleached ozokerite or white 
ceresin. For further details of the ceresin wax method see , §181. 
Read also §§ 172 et $eq» See also Gboat {Science, xciii, 1941, 
p.311). 

Madgik (Ann, Hot, 1., 1986, p. 677) grades small objects to 
70 per cent, alcohol and then orients them in 3 per cent, agar 
poured on a warm slide to make a film 2*5 mm. thick. When the 
film has set, cut out blocks and imbed as usual. Fresh material 
may be introduced into the agar mass before fixation. 

1266, Collodion Method. Introduced into botanical technique 
by Busse {Zeit wiss. Mik., viii, 1891, p. 462). Schering’s 
celloidin or phytoxylin, for extreme transparency, are comimonly 
used. Photographic guncotton (Jeffrey, Anatomy of Woody 
Plants, 1926, p. 449) is satisfactory if transparency is not a 
desideratum. 

The periods of immersion in the celloidin solutions should be 
lengthened for plant material. Small delicate objects (root- 
tips, thin textured leaves and stems) require three or four days to 
one week; large objects, especially blocks of wood and tissues 
with thick cellulose walls may require up to one month. 

The methods principally in use are approximately those of 
Eycleshymer. It is usually best to saturate the material with 
ether alcohol from absolute alcohol and then transfer to 2 per 
cent, collodion solution in ether alcohol. Stopper the bottle 
loosely to allow it to concentrate gradually. Harden in chloro- 
form. 

Modifications have been described by Plowman (Boi. Gaz., xxxvii, 
1904, p. 451) for use with hard tissues. Use ten grades of collodion, 
viz., 2, 4, 0, 8, 10, 12, 14, 16, 18, 20 per cent., transferring from one to 
the next. Nearly fill the bottle, clamp or wire on the stopper, and 
put the bottle in a paraffin oven at 50-60° C. for twelve to eighteen 
hours. After reaching 20 per cent, concentration, add further chips 
of dry collodion. Blocks are cleared (and left indefinitely) in a mixture 
of equal parts of glycerine and 95 per cent, alcohol. See also Bailey, 
Bot, Gaz., xlix, 1910, p. 57, and Jeffrey, Bot Gaz., Ixxxvi, 1928, 
p. 456. Stockwell’s rapid method (Science, Ixxv, 1932, p. 291). 
Imbed leaf and soft stem material (of Hedera and Olea) in an acetone 
solution of collodion under reduced pressure ; the preparation of 
sections, mounted in balsam on slides, requires only fifty minutes. 
See also Wetmore (Stain Tech., vii, 1932, p. 37) for the uses of collodion 
in botanical technique. Also Carothers, Science, Ixvii, 1928, p. 400 
(serial sections). 
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'1267. Double, Infiltration with Collodion .■ and' "Paraffin ,■ -(see- 
also § 200.) After hardening in chloroform, infiltrate with 
paraffin. This makes possible the cutting of ribbons of thinner 
sections. 

Reichaedt and Wetzel {Zeit wiss, xlv, 1928, p. 476) 

use a modification of Peterfi’s method for imbedding hard or 
brittle objects. • : 

Dehydrate to absolute alcohol and clear in methyl benzoate (instead 
of benzol) until material is infiltrated and sinks. Treat two to five days, 
according to size, with 1 per cent, cello idin in methyl benzoate. Replace 
with methyl benzoate to which paraffin chips have been added and. 
leave twelve to twenty-four hours at 40° C. Finally place the objects 
in melted paraffin at 50° C., changing this paraffin at least three times, 
and imbed. Avoiding benzol, chloroform and xylol prevents hardening 
and shrinkage. 

Stehli and Kolumbe (Handb, der mik. TecH. Abt.^ xii, 1929) also 
give a method of imbedding in a mixture of paraffin and celloidin. 
See also de Zeeuw, Papers Mich, Acad, , Sci, i, 1923, p. 83 ; Chukch, 
Science, xlvii, 1918, p. 640 ; Koenhaxjsee, Science, xiiv, 1916, p. 57 ; 
Dahlgeen, Journ. AppL Mic,, i, 1898, p. 67. 

1268. Gelatine Methods should be used for diseased bark and 
wood that is likely to crumble and become brittle in paraffin or 
collodion imbedding and for material that would be excessively 
hardened in alcohol. The method of Nicholas (§ 206) is most 
suitable. Following Land {Bot, Gaz,, lix, 1915, p. 400), soak 
gelatine in water until no more is imbibed. Drain off the excess 
water and liquefy the gelatine by heat . Place pieces of the material 
in the melted gelatine for several hours, together with small blocks 
of hard wood to act as supports in the microtome. Orient the 
material on the wooden blocks in a gelatine matrix, cool to set the 
gelatine and plunge into strong formalin to harden it. 

See also Collazo, La inclusion, en gelatina, Montevideo, 1927; 
Hiringa, C. R.iyoc. Biol,, xci, 1924, pp. 671 and 951. 

If the sections are strong enough, remove the gelatine with warm 
water with or without a little ammonia. Otherwise mount in 
glycerine jelly. 

1269. Jeffrey’s Glycerine Jelly Mass Method of Imbedding 
{Bot, Gaz,, Ixxxvi, 1928, p. 458). The method is valuable for 
cutting large numbers of small objects in a predetermined plant. 
Dehydrate the material to strong alcohol and then transfer to 
equal parts alcohol and glycerine and leave overnight. Arrange 
the objects as desired, under the low power of a dissecting micro- 
scope, on a strip of heavy paraffin paper in a small drop of alcohol 
glycerine and leave it in a warm place to concentrate. Invert the 
strip of paraffin paper bearing the objects on to a strip of card- 
board spread with melted glycerine jelly (dissolve one part of 
gelatine in six parts of water and then add an equal volume of 
glycerine). Place a small slide and a small weight on top. When 
the jelly has set (half hour), place in 90 per cent, alcohol to harden. 
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Later remove the paraffin paper and imbed the jelly strip in nitro- 
cellulose. No doubt the method could be adapted to paraffin 
imbedding. 

1269 5^5. Lubkin and G^^rsten {Science, xcv, 1942, p. 633) 
describe a method of imbedding in plastic eliminating dehydration 
altogether. They suspend RH-393 polyvinyl alcohol in water 
at 20° C. to make 10 or 20 per cent, solution. The mixture is 
stirred well while heating to 75°-85° C. Add glycerine, 20 per 
cent, by weight to the solution as it cools. Place tissues in this 
solution in covered dishes, kept at room temperature except for 
a daily exposure for two hours at 56 C. in oven. Solidifies in 
eight to nine days. Attach trimmed block to fibre block by 
paraffin or cement. Cut sections, unroll on lukewarm water and 
thereafter handle like celloidin sections. 

For other methods used in imbedding animal material see 
%l2Metseq. 

1270. Freezing is little used, though it can be useful for frail 
pathological specimens and soft or gelatinous algae and fungi. 
Its use is absolutely essential in the histochemical study of the 
distribution of diffusible salts. Bring fixed material into 4 per 
cent, formalin and coat with egg albumen; gelatine or gum 
arabie to attach it to the carrier. Lay the sections on slides 
coated with gelatine and cooled. Warm the slides to make the 
sections adhere. Avoid stains likely to colour the gelatine. Refer 
to Chapter XIL See Kisser, Zeit, wiss, Mih., Ixv, 1928, 
p. 433 ; Lippincott, Stain Tech., i, 1926, p. 39. 

Evenden and Schuster Tech., xiii, 1938, p. 145) use 

agar as a matrix for sectioning plant material with the freezing 
microtome. 

1271. The use of Soap is advocated by Wilcox (Jowm. Appl. 
and Lab. Methods, i, 1898, p. 68), and Osterhout ( Univ. Cal. Publ. 
in Bot., ii, 1904, p. 87), for material that cannot be safely 
dehydrated, ^.g., algae, mucilaginous and other delicate structures. 
Saponify 70 c.c. hot coconut oil with 38*5 c.c. of 28 per cent, 
aqueous KOH. When firm, pulverise the product. Place material 
in warm water and add the soap until the solution is quite con- 
centrated. Then dry until the mass is firm enough to attach to 
a wooden block in a sliding microtome. Attach sections to 
albumened slides, moisten with xylol and press into contact. 
Dissolve away the soap and warm the slide, or immerse in 95 per 
cent, alcohol to coagulate the alcohol. 

1272. General. The use of a centrifuge to aid imbedding has 
been advocated' by Webber. Slow centrifuging does not disturb 
the arrangement of the cell contents and is preferable to the use of, 
a vacuum pump. See Kisser, Pro^of^Zama, iii^ 1928, p. 507. 

1273. Sectioning of Woods and other Hard Objects. This 
requires powerful apparatus, grinding methods or a method of 
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softening the hard tissues. Soft woods and the alburnum of harder 
w^oods can usually be cut by means of a heavily built sliding 
microtome. Thomson {BoL Gaz,, 1, 1910, p. 148) describes a 
modified Jung-Thoma microtome for hard woods. See also Jane 
(Ann* Boti xlix, 1935, p. 398) for a device for the setting of knives. 

Bailey (Stain Tech., xii, 1937, p. 159) gives detailed directions 
for preparation of the edge of the microtome knife for precision 
sectioning of wood. 

A heavy steel plane with a blade of hard temper and a sharp straight 
edge is employed to obtain thin large sections. The stony tissues of 
seeds and fruits may be sectioned by a grinding process. Cut thin 
sections with a fine saw and grind them down with fine, wetted car- 
borundum powder on a piece of plate glass. At first carry out the 
rubbing down with the finger on the section ; when the section has 
become quite thin (less than ^ mm.) use a piece of plate glass. When 
grinding is complete, wash the section, dehydrate, clear and mount 
in thick, warm balsam. The thin sections can be stained, but the 
structure usually shows well in unstained mounts. 

Seeds with a reserve of hard cellulose are usually softened sufficiently 
by boiling in water.' 

See also Newby and Plummer, Bot Gaz., Icviii, 1936, p. 198. 

1274. Demineralisation by means of hydrofluoric acid usually 
brings about considerable softening. This removes silica com- 
pletely, has little effect upon the middle lamella and leaves the 
coarse contents intact. Kerr (Trop. Woods, xl, 1934, p. 37) 
states that softening by HF is associated with partial degradation 
of cellulose and the formation of hydrocellulose ; softening is 
correlated with a loss of tensile strength of the cellulose. The 
blocks of wood for treatment should be cut to expose true trans- 
verse, radial, and tangential surfaces. Brown (Bull. Torrey 
BoL Club,, xlvi, 1919, p. 127) suggests 2 cm. radial length, 8 mm. 
vertical height, and a tangential width of 6 mm. Occasional 
species require blocks of different, or larger, dimensions to display 
higher rays or other special features. The blocks should be 
marked with numbers for record and with arrows to indicate the 
direction of growth. 

Boil the specimens, dry or fresh, in water and exhaust under a 
vacuum pump to free them of air. Brown removes the air by 
alternate boiling and cooling. Soak in HF (full strength or 
diluted) for one to several weeks, changing the liquid occasion- 
ally. When maximum softness has been attained (found by 
testing with a knife),, wash out the acid by washing four days in 
running water, and soak the blocks in glycerine. Imbed if neces- 
sary ; celloidin is usually recommended ; adopt a rapid method 
if possible. 

1274 his. Woody Herhariwm specimens (Hyland, Stain Tech., 
xvi, 1941, p. 49) should be bjoiled half to one hour in^water, cooled 
and placed in 5 pet cent, IflaOH for twenty-four hours. Then 
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wash in running water for a few hours and then place in HF 
until soft enough to cut easily with a razor blade. Wash in 
running water twenty-four hours, dehydrate and imbed in a high 
melting point wax (56°~58° C.) by a w-butyl alcohol method. 
For seeds or other specimens containing only xylem, omit the 
NaOH treatment, which expands collapsed cells and removes 
excessive colouring matter. 

1275. Franklin’s Acetic Acid-Hydrogen Peroxide method 
{Nature^ civ, 1945, p. 51). Boil wood specimen in a mixture 
of 1 part of glacial acetic acid and 2 parts of hydrogen peroxide 
(20 volume) for one hour (or longer for very dense woods) in a 
reflux condenser. This method is more effective than treatment 
with hydrofluoric acid. 

1276. Jeffrey’s Vulcaniser Method {Bot Gaz,, Ixxxvi, 1928, 
p. 456). Soften tissues in a dental vulcaniser at a temperature 
of about 320° F. (160° C.). The time required varies — a three to 
four years old oak twig needs one hour, a piece of seasoned oak 
four to five hours. Brass piping (| to 1 inch diameter) is cut into 
lengths to fit the vulcaniser, and the ends are threaded for brass 
caps. On one end the cap is made tight by sweating lead solder 
into the thread. The other end is made tight by putting into the 
cap a piece of cardboard and, on top of the cardboard, a piece of 
lead. Place the tube in a vice, put the water or alcohol with the 
material into the tube and screw the cap tight with a wrench. 

After vulcanising, cool the material slowly and then treat it 
for a few days in a mixture of 2 parts water and 1 part hydro- 
fluoric acid. Wash well, dehydrate and preserve in equal parts 
of 95 per cent, alcohol and glycerine until needed for cutting. 

Jeffrey cut transverse sections of coconut shells and hard woods 
as thin as 2 to 3 /x. 

1277. Williamson’s Cellulose Acetate Method {Ann BoL, 
XXXV, 1921, p. 139). Transfer material, free of all air, from water 
direct to pure acetone for one to two hours and then to a 12 
per cent, solution of cellulose acetate in acetone for a period 
depending in the hardness of the wood. The material is both 
softened and imbedded by this method. Soft woods require two 
days as a minimum, oak and beech at least six days, very hard 
woods about fourteen days. Staining is unaffected by the treat- 
ment. 

1277 Us. Kisser (C^/foZogm, v, 1934, p. 520) finds that blocks 
1 X 1 X I cm., kept in 96 per cent, alcohol saturated with phenol, 
at 60° C. over a water bath, are rapidly softened, 

1278. Kisser’s Steam Method {Zeit. wiss. Mik., xliii, 1926, 
p. 346) consists, essentially, in allowing steam to play upon the 
block as the sections are being cut. A 300 c.c. conical flask half 
filled with water and heated from below by a Bimsen burner, is 
fitted with a rubber bung through which passes a thistle funnel 


636 BOTANICAL TECHNIQUE 


and a bent glass tube. The thistle funnel dips well below the 
water level and is used for refilling the apparatus. The bent 
glass tube conducts steam from the flask to the block. The tem- 
perature of the steam should be about 90° C. If too hot, the 
steam dries the material, and if much cooler than 90° C. little 
advantage accrues. Kisser cut transverse sections 5 mm. square, 
of ebony, and sections of coconut shell 2 mm. square and 6 L 
thick. ^ 

It is an advantage to boil the pieces of wood, cut into small 
blocks of suitable size for sectioning, for twenty-four hours. Then 
put them into equal parts of 95 per cent, alcohol and glycerine 
for a week or more. Very hard woods may also need treatment 
with hydrofluoric acid; a 25 per cent, solution for a week, 
followed by washing and steeping in alcohol glycerine, should 
suffice. 


Evans and Crowell {Stain Tech., v, 1930, p. 149) have 
described a similar method. Water is boiled slowly in an 
Erlenmeyer flask from which the vapour is led to the microtome 
through a small copper tube in which there are a few coils A 
Bunsen burner beneath the coils vaporises the water before it 
leaves the tube. The steam flows over the piece of wood to be 
sectioned. The authors have cut up to 500 sections of very hard 
wood with a single sharpening of the razor. They also suggest 
using tubing of aluminium or monel metal instead of copper 
1278 Us. Schuster {Hot. Gaz., cii, 1941, p. 815) hydrolyses 
nuts in 10 grm. ZnCl in 35 per cent. HCl. The material is passed 
through a series of baths in which this mixture is diluted with 
^ter in the proportions 1 : 7, 1 : 3, 1 : 1, 3 : 1 and then undiluted. 
The material is then washed, dehydi-ated with dioxan and then 
embedded. The paraffin blocks are stored for six months in 
water and then for two weeks or more in open dishes containing 
a bacterial infusion prepared by decaying straw and grass in 
0.05 per cent, aqueous ammonium nitrate. Keep in a warm room 
out of sunlight, addmg more ammonium nitrate solution as 
evaporation proceeds. 


1279. Larbaud’s Butyl Alcohol Method (C. E. Acad Sci 
Pans clxxii, 1921, p. 1317). Butyl alcohol softens wood and 
permits smooth sectioning of material that would otherwise be 

dearing!''‘sfSl73.*'' '''''' “d 

Zirkle’s schedule {Science, Ixxi, 1930, p. 103) permits more 
gradud dehyffiation than Larbaud’s method. See also Lang, 
Statn Tech., xn, 1937, p. 113. 


Stage . . 1 

Water . . 95 

Ethyl alcohol 5 
Butyl alcohol 0 


2 3 4 5 6 

89 82 70 50 30 

11 18 30 40 50 

0 0 0 10 20 


7 8 9 10 11 

15 5 0 0 0 

50 40 25 0 0 

35 55 75 100 100 
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Leave one hour in each stage, over night at stage 6. Leave 
some time in pure butyl alcohol, so that all the water is extracted. 
Two-thirds fill a vial with paraffin. Let the paraffin harden and 
place the material on it, cover the specimens with butyl alcohol 
and place in a paraffin oven. As the paraffin melts the material 
sinks and comes into contact with almost pure paraffin ; the butyl 
alcohol remains floating on the top. Two changes of paraffin are 
sufficient, the length of time in each depending upon the size of 
the specimens. Slight traces of butyl alcohol in the paraffin 
blocks do not render them crumbly, as does xylol. 

Butyl alcohol does not soften wood which has been hardened 
by fixation, by drying or by too rapid dehydration. The method 
is also excellent for delicate materials. 

ZiRKLE (ibid.) has also used Painter’s method {Anat, Bee., 
xxvii, 1924, p. 77), in which anilin oil replaces the higher con- 
centrations of alchoL Replace the anilin oil with methyl 
salicylate (oil of wintergreen) and pass from the latter into 
paraffin. 

Rawlins and Takahashi (Stain Tech., xvi, 1941, p. 7) recom- 
mend alternative procedures, especially of dehydration in gly- 
cerine. Place washed material in 10 per cent, glycerine, with 
1 c.c. 10 per cent, thymol in 95 per cent, alcohol per 100 c.c. 
glycerine solution. Allow to concentrate on paraffin oven in a 
dish. Then replace with 1 : 8 n-butyl alcohol-glycerine mixture, 
and then 1 : 1, 3 : 1 mixtures, allowing twenty-four hours at each 
stage. After about three changes of n-butyl alcohol proceed as 
before. Duerenoy (Science, Ixxxii, 1935, p. 335) uses methylal. 

1280. Sectioning of Cotton and other Fibres. Denham (Nature, 
evii, 1921, p. 299) uses a modification of Breckner’s method 
(Zeit. wiss. Mik., xxv, 1909, p. 29). Fix the fibres in a wire frame 
and wet them out with alcohol. Place in a dilute syrupy solution 
of celloidin in alcohol ether and allow to evaporate to half volume. 
Then place fibres, after gently squeezing, in a chloroform solution 
of paraffin wax for two hours. Cut from frame, place in paraffin 
and quickly imbed. Section at once. 

Kisser and Anderson’s modification (Amer. Journ. Bot., xv, 
1928, p. 437) has several advantages. Very thin sections in any 
desired plane can be cut. Stain the fibres with carmalum and 
Vfash in water, then stretch them as much as possible and dry 
them between filter paper with light pressure. While stretched, 
cement them with gum arabic by their ends over a central window 
1 cm. square, with the aid of small strips of cardboard. When the 
gum is dry, imbed the whole frame in celloidin and then cautiously 
cut out the central square of celloidin containing the fibre. Harden 
this in chloroform and imbed in paraffin of 52° C. melting point. 
To cut the suitably oriented block, wet the knife with water 
containing 0*1 to 0’5 per cent, gelatin or soap to reduce surface 
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tension. Cross sections down to 2 fi and longitudinal sections 
down to 4 fjb have been obtained. Such thin sections may be used 
for X-ray studies of the cell wall. Affix with albumen and remove 
the paraffin and celloidin with xylol and ether respectively. 
Make mounts in glycerine or glycerine jelly. 

1281. Chemical Sectioning of Fibres. Boil the fibre in sulphuric 
acid andj without washing, dry in an oven until it commences to 
char. Then mount in caustic soda and submit to suitable pressure. 
The fibre bundles segment into transverse sections, usually 
between 10 and 20 thick, quite flat, exactly transverse and 
retaining all the fine details of structure of the untreated fibre. 
The method is a valuable aid to the routine identification of fibres. 
See Kelaney and Seaule, Proc, Roy, Soc, Lond., B, cvi, 1930, 
p. 857. 

1282. Serial Section Mounting. Ribbons or individual sections 
are most easily handled with the aid of a scalpel, the tip of which is 
wetted with water. 

Paraffin Sections. The albumen and water method of Henneguy 
is most generally used. For difficult material (moss archegonia, 
moss capsules, grass leaves, and large sections) use one of the 
following : — 

Land’s Affixative {Bot. Gaz., lix, 1915, p. 398). Make a 1 per 
cent, solution of gum arabic in water. Make a potassium biqhro- 
mate solution immediately before use, adding enough to turn 
the water pale yellow (about 0-2 per cent.). Smear a few drops 
of gum arabic solution on the slide and flood with bichromate. 
After stretching the ribbons, drain off excess water and allow the 
slide to dry in the light. Exposure to light renders the gum 
arabic insoluble in water. A mixture of gum arabic solution and 
potassium bichromate will not keep. Le Page’s glue or Mayer’s 
albumen may replace the gum arabic solution. 

Szombathy’s (Zg^f. wiss, Mih,, xxxiv, 1918, p. 384) gelatin 
mixture is prepared by dissolving 1 grm. gelatine in 100 c.c. 
distilled water at 30° G. Add 1 c.c. of a 20 per cent, solution of. 
sodium salicylate, shake well, cool and filter through cheese cloth. 
Then add 15 c.c. pure glycerine. This mixture should be perfectly 
cpjear. Rub 2 drops of the mixture and 2 drops of 2 per cent. 
foiu’P^^'firi on the slide, add the sections and straighten them. The 
formtialin renders the gelatine insoluble. Artschwageb {Bot 
Gaz,, i:i^g£:vii, 1919, p. 378) smears the slide with affixative and 
floats th’ie ribbons on 2 per cent, formalin solution. After they 
are stretci?hed, drain off the surplus water and allow to dry in a 
thermostat i.\n the presence of a small dish of formalin. 

Haxjpt’s Mcodification {Stain Tech,, v, 1930, p. 97). Dissolve 
1 grm. of gelatif^e in 100 c.c. distilled water at 30° C. Add 2 grm. 
phenol crystals aWd 15 c.c, pure glycerine. Stir well and filter. 
The phenol is a better preservative than sodium salicylate. Only 
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the best grade of gelatine must be used and the temperature 
must not exceed 30° C. Gelatine which dissolves only at a higher 
temperature is not satisfactory. If one to two days are required 
for the gelatine to dissolve, decomposition Commences, and if the 
phenol is added too soon the undissolved gelatine turns white 
and hardens. 

Barratt’s Coliodion-Clove Oil Affixative {Ann, BoL, xxx, 
1916, p. 91) ; see also Bond {Trans, Roy, Soe, Edin,, Ivi, 19B1, 
p. 695). A mixture of collodion and clove oil in the proportion 
of 1:3 was used by Barratt. Bond used approximately equal 
parts. Stretch paraffin ribbons on water on a slide lightly smeared 
with glycerine to spread water evenly. Transfer the stretched 
ribbons to a second slide smeared with the afhxative. A slight 
emulsion forms, but it is of no consequence. Allow at least twenty- 
four hours to dry. The transfer of the ribbons is most easily 
made with the aid of a pair of broad-tipped, blunt-ended forceps. 
Grip one end of the ribbon and, with a lifting and pulling motion, 
raise the ribbon from the water surface allow the end of the 
ribbon furthest from the forceps to make first contact with the 
second slide and then gently lower the remainder of the ribbon 
into place. The method is especially valuable in permitting the 
use of eau de Javelle for clearing sections attached to the slide ; 
this reagent commonly destroys other affixing agents. 

Crabb {Science, Ixxx, 1934, p. 530) uses two solutions : (A) a 
dilute solution of collodion in equal parts of alcohol and ether : 
(B) a mixture of 1 part amyl acetate with 4 parts of solution A. 
Spread the sections and dry thoroughly ; flood with solution B 
and leave face up on a level surface until the sections are free 
from paraffin. Then blot vigorously with filter paper. Next 
flood with solution A and stand the slide on end to drain and dry. 
Harden in ‘70 per cent, alcohol for several minutes and transfer 
rapidly through 95 per cent, alcohol into carboxylene or xylol. 
Leave for several hours and thereafter bring to water. 

Collodion sections are usually mounted by the albumen method 
(§ 208), ether method (195), or by arranging the sections on the 
slide, gently pressing them and then pouring a little clove oil 
over them. 

1283. Mounting Media. Most commonly used are : 1. Aqueous 
mountants, viz. water, glycerine (pure or diluted), lactic acid, 
glycerine jelly, ^Amann’s lactophenol, 4 per cent, aqueous formalin, 
2 per cent, aqueous acetic acid, Keefe’s or Evan’s or other fluids 
that preserve a green colour (but omit any alcohol), glycerine 
saturated with zinc iodide and “Karo.” See also Weston, 
Science, Ixx, 1929, p. 455 (modified Amann). Aqueous media 
are satisfactory if the cover is sealed to the slide with a cement. 
For material of some thickness build up a cell of several well-dried 
coats of cement and seal the rpver to this. 
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‘‘ Glyclirogel ” is described by Wotton and Zwemer {Stain 
Tech,, X, 1985, p. 21). Dissolve 0*2 grm. chrome alum in 30 c.c. 
water by aid of heat and then 3 grm. gelatine in 50 c.c. hot water. 
Add 20 c.c. glycerine to the gelatin solution with constant stirring 
and then add the warm chrome alum solution. Do not heat the 
combined solution more than possible. Filter rapidly and add a 
crystal of camphor as preservative ; stopper well. If it congeals 
in a cold room, or if bubbles are present, leave in oven at S7^ C. 
till clear and freely flowing. 

PoETEE {Tuftox News, xvii, 1989, p. 14) transfers material 
from water to a very dilute gelatine and allows it to concentrate 
until a fairly firm jelly is formed. Transfer a small portion to a 
slide, warm to melt and cover. Place 1-2 drops of formalin at 
edge of cover, allow to stand several hours, wipe dry and 
ring. 

Calcareous material (Chara, etc.) must not be sealed in media 
containing acids. Mount living marine algae in media made up 
with sea- water. 

2. Non-drying oils, viz. parafiin oil or white mineral oil (after 
dehydration and clearing), castor oil, linseed oil, olive oil ; oil of 
wintergreen does not require clearing. 

8. Resinous media, viz. Canada balsam, gum damar, thickened 
cedar oil, Venetian turpentine, euparal. Styrax, tolu balsam and 
synthetic resins of high refractive index (see Hanna, Science, 
Ixv, 1927, pp. 41 and 575 ; ibid,, Ixx, 1929, p. 16 ; Journ, Boy, 
Mic. Soc,, 1, 1930, p. 424 ; Needham, Journ, Am, Pharm, Assoc,, 
xiii, 1924, p. 424; Fleming, Journ, Boy, Mic. Soc,, Ixiii, 1948, 
p. 84, for naphrax) are most useful diatoms. See also Mohr and 
Wehrle, Stain Tech,, xvii, 1942, p. 157. 

Other mounting media are : — 

Potassium silicate (Raybaud, Bev, Gen, Bot., xxxvii, 1925, 
p. 511) ; it is hard on most stains ; material can be mounted 
direct from alcohol. 

Sodium silicate (Nitzulescu, C. B. Soc, Biol,, Ixxxix, 1923, 
p. 1065). 

Refer also to Chapter XIX. 

1284. Sealing Mounts. Damar balsam, gold size and Venetian 
turpentine are most commonly used. A mixture of gum mastic 
and paraffin (Lagerhein, Rot 1902 ; see also Thomas, New 
Phyt, X, 1911, p. 105) is applied by means of a heated thick 
copper wire. Powder the mastic and heat cautiously in a porcelain 
dish until melted ; add the paraffin in small pieces and stir with a 
piece of wood until homogeneous and free from lumps. This seal 
is easily removed with a knife. 

Pulverised gum tragacanth (Neumann and Hueber, Zeit, 
wiss, Mik,, xliv, 1927, p. 322) and Duco (Mitchener, Stain 
Tech,, ii, 1927, p. 81) are also recoP|mended. Taylor recommends 
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Hazen’s resin-lanolin mixture ; melt 8 parts of resin and add ’ 

^2 parts lanolin. ; ;| 

Diehl {Science^ Ixix, 1929, p. 276) has an elegant method of 
sealing non-resinons mounts. Place a drop of the mounting : 

medium in the centre of a large coverslip, and orient the objects 
in the medium. Cover the mount with a smaller coverslip, and 
over this place a large drop of fluid Canada balsam. Cover 
gently with a slide until the smaller coverslip and the mount are 
surrounded by a ring of balsam and the balsam also covers the 
exposed under-surface of the larger coverslip. Then invert the 
slide; the object is under the one coverslip and is surrounded 
by a protected balsam seal. i 

The balsam tends to run in somewhat, and if water is present i 

in the medium, a cloudy effect is produced. This can be eliminated 
by carefully painting a thin seal of glycerine jelly around the 
smaller coverslip and allowing it to dry before applying the 
balsam. Alternatively seal with immersion oil and ring with 
balsam. ^ 

Barnard and Welch (Journ, Boy. Micr. Soc., liv (1), 1934, 
pp. 29-82). Seal wet preparations, using an electrically heated 
die with the outline of the cover-glass which applies melted wax 
until perfect fusion results. The apparatus has controlled electric 
heating of wax reservoir, die and feeder tube. The die carries 
sufficient heat to perfect the seal but not overheat the preparation. 

Rxjytbu (Bulk d'Histol AppL^ xi, 1934, p. 410) has an improve- 
ment over Noyer’s lake for ringing levulose-gelatin or glycerine 
preparations. To 100 c.c. liquefied 20 per cent, gelatin in saturated 
aqueous solution of thyme add 10 c.c. of 5 per cent. K 2 Cr 207 
solution, and mix. Preserve in dark. Allow seal to dry at 
room temperature in the light. 

Synthetic resins may also be used for sealing glycerine mounts. 

Mohr and Wehrle {Stain Tech,, xv, 1940, p. 174) use Clarite 
(Nevillite V), using 6 parts clarite to 4 parts toluol by weight. 

1285. Mounting Delicate Objects in Resinous Media. Fila- 
mentous algae and other delicate structures usually collapse 
hopelessly when handled by the ordinary methods. Dehydration 
and especially clearing and mounting are for them difficult 
operations. Such material is best stained in aqueous stains and 
then placed in a 5 per cent, solution of glycerine in water. Allow 
this to concentrate by evaporation. Then remove the concen- 
trated glycerine completely by several washings of 95 per cent, 
alcohol and two to three changes of absolute alcohol. Infiltrate 
with Venetian turpentine or Canada balsam. 

1. Venetian Turpentine Method (Pfeiffer and Wellheim, 

Zeit, wiss, Mik,, viii, 1894, p. 29). Transfer the material 
quickly from absolute alcohol into a 10 per cent, solution of 
Venetian turpentine in absolute alcohol, in an open dish in a 
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desiccator over soda lime. Leave here to concentrate. Mount 
in the concentrate. The turpentine at 10 per cent, concentration 
is excessively sensitive to atmospheric moisture, absorbing it and 
clouding readily. The concentrate is less sensitive. The method 
eliminates the critical alcohol-xylol transfer ; the disadvantages 
are (1) critical absolute-turpentine transfer, (2) slow hardening 
of mounts, (3) few suitable stains, (4) a slightly lower refractive 
index (1.542) than Canada balsam (1.547). 

2, Balsam Infiltration Method (Taylor). From absolute alcohol, 
transfer through a series of six to ten alcohol-xylol mixtures 
(5 :1, 4 : 2. etc., or 9 : 1, 8:2, etc.) five minutes each, and intp 
xylol. Make two to three changes in xylol. Then place in very 
dilute Canada, or better, damar balsam of a concentration a fiftlx 
(or less) of that ordinarily used, allow to concentrate, and then 
mount. The transfer to the balsam solution is critical. Con- 
centration requires two days, rarely more. 



CHAPTER XLVI 


SOME SPECIAL METHODS MACERATION CLEARING 
BLEACHING CELL-WALL SUBSTANCES 

1286. Maceration Methods. For a full account see Kisser 
(Handb. BioL Arbeitsmethoden (Abderhalden), Abt., xi, 1981, 
Teil iv, p. 285). 

Most methods depend on the ready solution, by various reagents, 
of the middle lamella, which is usually of a pectic nature. Thus 
many objects respond to treatment with acid alcohol, followed 
by ammonia. The principal reagents used are boiling water, 
freezing, retting, organic acids (malic, citric, oxalic, acetic, tar- 
taric), chromic acid, Schultze’s reagent, mineral acids, aqua regia 
(HNO 3 — ^HCl), strong alkalis, hydrogen peroxide, eau de Javelle. 

The epidermis, for hairs and stomata, is stripped mechanically 
with the aid of a sharp scalpel. Use the leaf or stem in a turgid 
or but slightly wilted condition. Cut a slit in the epidermis and 
slip the tip of the scalpel in under the epidermis. In difficult 
cases scald or boil the leaves in water. Or boil in a 5 per cent, 
solution of caustic potash until the tissues are translucent and 
the epidermis separates readily ; wash in water. 

Macerating Xylem. Here the middle lamella is of lignin. In 
the cases of herbaceous monocotyledons and ferns first remove the 
vascular bundles from the ground tissue by hand and cut them 
into short lengths. Cut perennial woody specimens into longi- 
tudinal shavings. It is best to use hot strong (30 per cent, or 
more) chromic acid ; or, chromic acid in conjunction with nitric 
acid, both at 5 to 10 per cent, strength, either in the cold or heated 
on a water bath. A more violent method is to boil the material 
gently with 50 per cent, nitric acid, adding crystals of potassium 
chlorate frequently (Schultze’s reagent) ; this should be done in 
a fume cupboard, well away from microscopes. 

Cease the treatment with the macerating agent when the ends 
of the pieces begin to fray. Wash well in several changes of water 
and complete the separation by teasing. 

Brown {BulL Torrey, Bot Club., xlvi, 1919, p. 127) in using 
Schultze’s method, takes equal volumes of acid and water, for 
safety. Voi)RAZK;A (Z^iL wiss. Mik., xliii, 1926, p. 178) treats 
the material with a specially prepared Schultze’s reagent, fol- 
lowed by ammonium hydroxide, or caustic potash or soda. No 
boiling is necessary ; thereby the difftculties of the usual Schultze’s 
reagent are overcome. 

Hydrogen peroxide. Use a 30 per cent, solution, and render it 

■ ■ ■ , '"'"a'la ■ ; 21—2' 
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weakly alkaline by the addition of a little sodimn or lithimn 
carbonate (Kisser., Cytologia, ii, 1930, p. 56). It attacks the 
middle lamella first and the lignin later ; finally, after a con- 
siderable time, cellulose is attacked. It is useful in isolating 
parenchymatous tissue. 

Eau de Javelle is useful in macerating parenchyma, wood or 
cork and in isolation of cuticle. It should be fresh, and after- 
wards the material should be treated with dilute 5 per cent, 
hydrochloric acid. It attacks lignin first and later the middle 
lamella ; after a considerable time cellulose is attacked. 

HknhOYr {Bot. Gaz,^ Ixxxv, 1928, p. 226) uses chlorination 
followed by hot sodium sulphite solution which removes the 
middle lamella and dissolves out the lignin. It is suitable for 
showing the detail of sieve tubes and vessels. 

Aldaba {Amer. Jour, Bot, xiv, 1927, p. 16) macerates very long 
fibres of Bcehmeria (up to 550 mm.) as follows : Insert the whole 
stem in a long glass tube, to the lower end of which is attached a 
flask, and fill the apparatus up with 5 per cent. KOH. Place the 
base of the flask on a water bath to heat and circulate the liquid. 
Isolate the fibres in a large shallow dish and float them on to 
strips of window glass coated with adhesive. 

Franklin (Trop, Woods^ No. 49, 1937, p. 21) macerates chips 
of wood in a mixture of equal parts of glacial acetic acid and 
hydrogen peroxide (20 volume) in a corked tube at 60° C. for 
forty-eight hours. Then wasfi in two or three changes of distilled 
water. Finally separate the cells by shaking the water. 

1287. Staining Macerated Wood and Fibres. Boil in safranin or 
other strong anilin dye, wash and dehydrate rapidly in 95 per 
cent, and absolute alcohol and clear in xylol, allowing the material 
to settle before decanting, the liquids. Loss of stain is reduced by 
adding a little xylol to the second and subsequent alcohols. 
Material cleared without staining can be stained by adding a few 
drops of clove oil solution of dye to the xylol. 

See also Anderson, Amer. Journ. Bot, xiv, 1927, p. 187 ; Lee, 
Bot. Gaz,, Ixii, 1918, p. 318 ; Tobler-Wolee, Zeit wiss. Mik,, 
xxxii, 1916, p. 129. 

1288. Bleaching may be carried out by the following agents : 
hydrogen peroxide (1 part to 4 parts water or 80 per cent, alcohol) ; 
chlorine in 50 per cent, alcohol ; eau de Javelle ; saturated solu- 
tion of sulphurous acid in alcohol ; dilute potassium perman- 
ganate followed by oxalic acid and exposure to light. 

1289. Chemical clearing methods are used whenever the presence 
of the cell contents is unnecessary, in order to make the tissue 
masses as transparent as possible. Chiefly used are KOH, phenol, 
chloral hydrate (CCl 3 .CH(OH) 2 ) and eau de Javelle) potassium 
hypochlorite). Prepare eau de Javelle by adding a solution of 
potassium oxalate to a concentrated aqueous solution of chloride 
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of lime for as long as a precipitate is formed ; filter and dilute 
for use. 

Clearing Whole Organs or Thick Sections. Simpson [Stain 
iv, 1929, p. 131) uses lactic acid, in a concentration of 
about 75 per cent. Immerse whole flowers or large parts, such as 
pistils, in open watch-glasses. Mount fairly thick hand-sections 
of fresh material in acid on a slide. Then place the specimen in 
a constant temperature oven at about 54° C. until clear. The time 
required varies ; sections of floral parts, young fruits and succulent 
stems require two to three hours ; whole parts or thick wedges ; 
of such material take about twelve hours. If permanent slides 
are desired, allow the lactic acid to thicken slowly in the oven 
until it is almost hard. Then seal the edges of the preparation 
with a mixture of gum mastic and paraffin. Clean up slides witli 
the aid of alcohol. 

Stebbins (Science, Ixxxvii, 1938, p. 21) boils material two to 
three minutes in water and bleaches one to three days in a mixture 
1 : 1 to 2:1 of concentrated ammonia and hydrogen peroxide. 
Then transfer carefully to 95 per cent, alcohol. Stain, if required, 
with 1 per cent, aqueous crystal violet. Dehydrate with n-butyl 
alcohol, clear in xylol and mount. 

Vaerelman (Stain Tech., xiii, 1938, p. 115) clears Rosaceous 
fruits by immersing overnight in 20 per cent. HCl to remove 
crystals of calcium oxalate and carbonate. Then in 5 per cent. 
NaOCl until bleached ; dehydrate, clear and mount. Stain if 
desired. 

Debenham (Ann. Bot, ill, 1939, p. 369) clears in 70-75 per 
cent, lactic acid at 58-60° C. and then bleaches in eau de Javelle 
at 40° C. Stain xylem with ammoniaeal fuchsin and mount in 
euparal or balsam. 

Bates {Amer. Nat, Ixv, 1931, p. 288 ; Stain Tech,, xvi, 1941, 
p. 38) clears leaves by treating them with a saturated solution of 
chloral hydrate for forty-eight hours, then with potassium chlorate 
and nitric acid for ten to thirty minutes and finally with potassium 
chlorate and chloral hydrate for a week. Quick and Patty 
(Phytopath, xxii, 1932, p. 925) ‘bleach and clear leaves by pro- 
cessing them, in an airtight container, in ah aqueous solution of 
commercial sodium hypochlorite and lye. McVeigh (Stain, 
Tech., X, 1935, p. 33) uses 5^er cent, sodium hypochlorite solution 
for clearing leaves. See also : Peace, PZani World, xiii, 1910, 
p. 93. 

Strain (Phytopath., xxiv, 1934, p. 82) bleaches leaves and petals 
quickly by means of alcohol containing nascent chlorine. The 
material is afterwards cleared, e.g. in Amann’s medium. 

1290. Staining the Vascular Bundies in Whole Organs. Barratt 
(Ann. Bot, xxxiv, 1920, p. 201) treats Equisetum seedlings with 
eau de Javelle for twenty-four hours in the cold. Wash in water 
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and stain in ammoniacal fuchsin by Zimmermann’s method. 
Dehydrate, clear with clove oil and mount in balsam. Mounting 
in glycerine jelly or euparal renders the walls of the parenchyma 
more visible. Apices and mature shoots may also be successfully 
treated, but slit these longitudinally into two halves before 
clearing and mount in a cell with the interior of the stem upper- 
most. 

Caldwell {Ann. Bot, xxxix, 1925, p. 212) cuts off the leaf at 
the middle of the petiole and inserts the cut end in the lower end 
of a glass tube which is then filled with the stain. The plant is 
then placed in conditions favourable for transpiration. 

Goueley’s Basic Fuchsin Method {Stain Tech,, v, 1930, p. 99). 
Remove the plants from the soil, wash the roots and immerse 
them for twenty-four to forty-eight hours in a basic fuchsin 
solution prepared by dissolving 50 mgm. of the dye in 2 c.c. 
95 per cent, alcohol and diluting with 100 c.c. tap-water. After 
removal from the dye, wash in water and (1) dissect under a 
binocular microscope after boiling in water or very dilute caustic 
potash solution. Or, (2) clear by running through the alcohols 
and then mixtures of alcohol and xylol into pure xylol ; this 
requires ten to twelve hours. 

Came and Liming {Stain, Tech,, vii, 1982, p. 91) immerse the 
cut ends of living plants in a slightly alkaline aqueous solution of 
basic fuchsin. When the dye has appeared in the parts desired, 
examine by sectioning, etc. Permanent mounts may be prepared. 

Taylor immerses cut ends of vascular plants in eosin solution. 
If the plant is sufficiently tender, plunge the entire stained shoot 
in 2 per cent, acetic acid in absolute alcohol to fix the stain and 
dehydrate the tissues. After a few hours clear in synthetic oil of 
wintergreen. 

1291. Microincineration. A thin section of plant tissue carefully 
heated to destroy the organic matter leaves the ash in its original 
position and sometimes unaltered. Such an outline of the plant 
ash constituents is called a spodogram. If the heating is continued 
only long enough to carbonise the tissue, the result is called an 
anthracogram. 

During the carbonisation of plant sections protected with a 
cover-glass, the colour of the tissue changes from yellow to red, 
brown, and finally black. By heating otily to the red-brown stage, 
the material is in the best condition for photomicrography. The 
distribution of minerals in single cells, as well as in whole tissues, 
can be presented with a fair degree of accuracy. Silica alone is 
unaltered by incineration. When alkaline salts are present as 
well, heating causes the silica to melt and change its form. 
Remove the alkalies with mineral acids, wash in water and then 
incinerate. Calcium salts, usually the oxalate, are changed to the 
carbonate without altering the form of the original crystals. 
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All kinds of plant material may be used, either fresh or dried. 
Thick leaves must be sectioned, 20 to 30ft giving the best results. 
Wood contains relatively few crystals and must be cut thicker. 
Bark and cortex are commonly crammed with crystals and need 
to be cut very thinly. The epidermis, usually silicified, is best 
used alone. Thin sections of coal may be treated similarly. In 
the best methods, sections on a slide are placed inside a quartz 
tube heated externally by a coil of resistance wire ; a rheostat 
in the circuit controls the temperature. The material is heated 
gently until carbonised and then to a dull red heat for half to one 
and a half hours. Sections may also be heated on a platinum 
plate over a Bunsen burner until they are reduced to a white ash. 
The ash is then transferred without alteration to a slide coated 
with collodion. The sticky collodion takes up the crystals, which 
sink into the collodion if the slide is held inverted over vapour of 
alcohol ether. On drying, the thin film of collodion, with the 
imbedded crystals, may be removed from the slide with a razor 
blade and mounted in balsam or an aqueous medium. Ohara 
transfers the ash from the platinum plate to anilin oil, in which it 
is immediately ready for study. 

KiSvSER (Abderhalden Handh, BioL Arbeitsmethoden Abt., xi, 
Teil, iv, 1931, p. 1931, p. 193) ; Scott (Protoplasma, xxi, 1933, 
p. 133) (critical review). 

1292. Growth of Cell-wall is studied by precipitating a stain 
in the wall. Nell (Wurzburger Habilitationsschrift AbhandL 
Senckenburg nat Ges,, xv, 1887, p. 101) used a precipitate of 
Berlin blue (potassium ferrocyanide and ferric chloride) or of 
Turnbull’s blue (potassimn ferricyanide and ferrous lactate) in the 
walls of marine algse such as Caulerpa, Immerse the alga, for a 
few seconds, in a mixture of 1 part sea-water, 2 parts fresh water 
and suj0&cient potassium ferrocyanide to give the solution the 
density of sea-water. Rinse rapidly in sea-water and immerse 
half to two seconds in a mixture of 2 parts sea-water, 1 part fresh 
water and a few drops of ferric chloride. Repetition intensifies 
the colour, which, however, is gradually destroyed afterwards. 

Zacharias (Flora, 1891, p. 467) and Klebs (Untersuch. hot, Inst 
Tubingen, ii, p. 489) have used Congo red. 

For the daily growth rings in cotton hairs, Balls (Proc, Boy. 
Soc. Lond., B, xc, 1919, p. 542) swells them to five to ten times their 
normal size by treatment with NaOH and carbon bisulphide. 

1293. Finer Structure of Cell-walls. See especially Correns 
(Pringsheim's Jahrh. wiss. Bot, xxiii, p. 254). The fine sculp- 
turing may be observed in media of low refractive index, e.g, 
methyl alcohol (ft ~ 1 •321). Differentiations due to unequal 
water-CGntent require drying at 100^ G., as absolute alcohol, and 
other dehydrants do not give positive results. Afterwards 
impregnate the wall with Berlin blue or silver. For the latter. 
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place well -dried objects in 2 to 5 per cent, aqueous silver nitrate, 
dry superficially but do not wash, and then place in 0*75 per cent, 
aqueous NaCl. Reduce the AgCl thus precipitated by exposure 
for several hours to full sunlight. See AisvAnATiO {Bol. B. Sac. 
Espanola HisU Nat, xix, 1919, p. 66) for an application of the 
tannin-silver method of Achucarro-Rio Hortega (§ 1199). 

1294. Micellae. For methods of study using polarised light see, 
for instance, Balls, Proc. Roy. Soc, Land., B xcv, p. 72 ; Frey, 
Protoplasma, xxxiv, 1928, p. 139. 

Cell- wall Substances : Some Microchemical Tests and Stains. 
For a general account see van Wisselingh, Die Zellmemhranen, in 
Linsbauer’s Handb. Pflanzenanat, iii, 2, 1925 ; also, Brown, 
Bull. Torrey Bot. Club, xlvi, 1929, p. 127 ; Haas and Hill, 
“Chemistry of Plant Products,” Longmans, 1928; Schorger, 
“Chemistry of Cellulose and Wood,” McGraw-Hill, 1926, and 
others. 

1295. Cellulose swells and dissolves rapidly in coneentrated 
sulphuric acid. 

A blue colour is obtained by treatment with iodine and strong 
sulphuric acid (Schleiden, Pogg. Ann., xliii, 1838, p. 391). Soak 
in a solution of 0*3 grm. iodine and 1*3 grm. K1 in 100 c.c. water, 
followed by a few drops of 60 to 70 per cent, sulphuric acid. 
Lignin turns somewhat more yellow than before. 

It stains blue with chlor-zinc-iodide (see van Wisselingh, 
Jahrh. Wiss. Bot., xxxi, 1897, p. 624). This reagent is also 
known as the Herzberg iodine stain. Prepare as follows : Dis- 
solve 50 grm. of dry zinc chloride (fused sticks) in 25 c.c. distilled 
water, adjusting the specific gravity to 1*8, and pour 40 c.c. into a 
tall cylinder. Dissolve 5*25 grm. KI and 0*25 grm. iodine in 
12*5 c.c. water and add to the zinc chloride solution. Mix well 
and place in the dark. After twenty-four hours pipette off the 
clear portion into a black bottle, and add a leaf of crystalline 
iodine. The solution deteriorates rather rapidly so where colour 
differentiations are important do not use longer than two weeks. 

A two-solution method due to Novopokrowsky {Beih. bot zbl, 
xxviii, 1912, p. 90) gives uniformly good results. Stain for a few 
seconds in a 1 ; 1 : 100 solution of iodine and potassium iodide in 
water. Then transfer to a solution of 2 parts zinc chloride in 1 
part of water, where the section is kept moving until a light blue 
colour is produced. See also Artschwager, Bot Gaz., Ixxi, 1921, 
p. 400. 

Mangin {Compt rend, cxiii, 1891, p. 1069 ; Bull. Soc. Bot 
France, xxxv, 1888, p. 421) found iodine and phosphoric acid 
colour cellulose blue-violet, while iodine and calcium chloride give 
a rose or violet colour. Iodine with many other salts (AlCig, 
CaClg, MnCh, SnCl 2 , Ca(N 03 ) 2 , and Zn (N 03 ) 2 ) stains cellulose, 
but ZnCl 2 is most sensitive. ' ' 


CELLULOSE LIGNIN ^ 649 

Post and Laudeemilk (/Ston Tech,, xvii, 1942, p. 21) use a 
saturated aqueous solution of Li Cl after iodine solution. 

See also Mangin (Compt Rend, cxi, 1890, p. 120) for other stains. 
Among them Congo red gives a characteristic reaction for cellu- 
lose ; the red-stained cell- wall is turned blue by steeping, in dilute 
HCl (Dgrnee, Zentfalbl, Bakt. Parasitenk. Infektionskrankh. 2, 
M, •1922, p. 14). ■ 

Sehweizer’s reagent (cuprous ammonia) is also a specific reagent 
(see Gilson, La Cellule, ix, 1893k p. 404). It dissolves the cellu- 
lose out of the wall. Subsequent dilution with ammonia causes 
the cellulose to separate out in the cell lumina. To prepare the 
reagent add 13 to 16 per cent, ammonia to copper turnings and 
allow to stand in an open bottle. Or, precipitate cupric oxy- 
hydrate from a solution of cupric sulphate by addition of dilute 
NaOH, wash the precipitate and dissolve it in strong ammonia. 

1296. Oxycellulose. Most tests are based on the property of 
reduction and therefore do not differentiate oxy- from hydro- 
celluloSe. Knagg’s test {Journ. Soc. Byers and Colourists, xxiv, 
1908, p. 112) is most certain. Treat sections with PICl, wash in 
Water, dye deeply with benzopurpurin (or Congo red), acidify 
with HCl (changing the red colour to blue) and wash in tap- 
water. Oxycellulose stains blue, cellulose and hydrocellulose deep 
crimson. 

Schwalbe and Becker {Deut. Chem. Ges. Ber., Jahrg., liv, 1921, 
Pi *545) immerse sections in methyl orange and afterwards in 
concentrated brine. Oxycellulose becomes a deep red, cellulose 
and hydrocellulose remain yellow. 

1297. Lignin stains a golden yellow colour with anilin sulphate 
(or chloride) (Runge, Ann. Physik. Chem., xxxi, 1834, p. 65). 
The colour is more intense if followed by sulphuric acid ; or use an 
acidified solution. Phloroglucin followed by 50 per cent. HCl 
gives a red-purple coloration (von Hohnel, Jitzungsher. Ak. 
Wiss. Wien., Ixxvi, 1877, pp. 528, 663). Stec6wna (^cia Soc. 
Bot. Polonice, iii, 1925, p. 138) uses methyl red for lignified walls. 
Add enough alkali to a 0*001 per cent, solution to render it yellow. 
Lignified walls are stained red because of their acidity (pH 5) and 
the colour is permanent. 

Ungar’s diazonium reaction {Diss. Zurich, 1914, p. 23). Place 
section in dilute sodium carbonate solution and add a little 
diazonium chloride solution. In a short time a brick-red colour 
results. 

, Iodine followed by strong sulphuric acid gives a brown colour. 
Lignin swells, carbonises and slowly dissolves in concentrated 
sulphuric acid. Eau de Javelle and other macerating fluids, 
change it to cellulose, when von Hohnel’s reaction is no longer 
given. The walls then react like cellulose, swelling and dissolving 
rapidly in concentrated sulphuric acid. 
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A dull brown colour is produced by KOH, and a deep brown 
colour by clilor-zinc-iodide. 

Most lignin reactions appear to be due to bodies of an aldehyde 
nature (probably coniferyl aldehyde). For the lignin complex 
itself. Cross and Bevan’s chlorine — sodium sulphite reaction 
(Journ. Chem, Soc., Iv, 1889, p. 199) seems most reliable (see 
ScHOKGER, Journ, Ind, Eng, Chem,, xv, 1923, p. 812). Exposure 
to moist chlorine gas or bromine or treatment with chlorine water 
produces a yellow colour, changed to red on the addition of 
sodium sulphite. In the Maule reaction {FicnfstuFs Beitr, wiss, 
Bot, vi, 1900, p. 166) material is first treated with oxidising agents. 
For example, treat with 1 per cent, potassium permanganate five 
minutes, then with HCl and wash with water and add ammonia. 
A. bright red coloration results ; the wood of Gymnosperms, how- 
ever, usually gives a brownish-grey. 

For a summary of numerous other reactions see van Wisselingh 
and the references there quoted. 

1297 his. Pectic Substances occur principally as the calcimn salt 
of pectin in the cell-walls of higher plants, especially in the middle 
lamella. They are soluble in macerating liquids and (especially 
in fruits) in boiling water and very dilute acids. They are soluble 
also in ammonium oxalate and in HCl followed by KOH ; the 
latter method requires careful management. 

Neutral violet stains pectin a brown-red colour. 

Huthenium red (see Mangin, Bull, Soc. Bot, France, xli, 1894, 
p. 40) does not stain pure cellulose and possesses more affinity for 
pectic substances than any other stain used in botanical technique. 
It is best used in neutral or slightly ammoniacal solution. 
Ruthenium red, however, also stains gums, mucilages (Mangin ; 
Tunman, 1913), fatty acids (Tupper Cary 

and Priestley, Proc. Boy, Soc, Bond,, cxv, 1923, p. 109), gelose 
(Tunman), etc. 

Treatment with Schweizer’s reagent by the method of Fremy 
(Compt. rend,, Ixxxiii, 1876, p. 1136) removes the cellulose and 
leaves the pectic substance of the cell-wall as an insoluble frame- 
work, which can be stained with ruthenium r^d (Carre and 
Horne, Ann, Bot,, xli, 1927, p. 193)* 

Affinity of Cellulose, Lignin and Pectic Substances for Stains. 
Mangin {Compt. rend,, cix, 1889, p. 579 ; cx, 1890, pp. 295 and 644) 
finds that pectic substances, lignified and suberised walls stain with 
methylene blue, Bismark brown and fuchsin, while pure cellulose 
does not. If such stained sections are treated with alcohol, 
glycerine or dilute acids the pectic substances are decolorised 
rapidly, whereas the lignin and suberin retain their coloration. 
Crocein and nigrosin stain lignified and suberised walls, but not the 
pectic substances. Crocein, naphthol black, orseille red, Congo 
red and azo-blue stain pure cellulose but not pectic substances. 
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See also section on Staining. 

1298. Mucilage and mucilaginous walls swell in water, are 
insoluble in alcohol and ether and are readily stained with methy- 
lene blue arid gentian violet. Slimes may sometimes be differen- 
tiated by colour reactions, though they are often mixtures. See, 
especially, Mangin, Bull Soe. Bot France, xli, 1894, p. 40. 

1299. Cellulose derivatives hardly react to iodine. They stain 
with alkaline solution of Congo red. 

1300. Fectose derivatives stain brown with lead acetate and 
with alum. They are stainable with neutral solutions of hsemato- 
xylin, methylene blue, neutral red and ruthenium red. 

1301. CaUose derivatives, which are readily soluble in dilute 
NaOH or KOH, stain with an acid solution of anilin blue. 

1302. Gums swell and dissolve in water, are soluble in alcohol 
and are stained red with an ammoniacal solution of ruthenium 
red. Many stain well with corallin soda, anilin blue and anilin 
violet. 

1303. Suberin and cutin are unaffected by eau de Javelle and 
are comparatively insoluble in H 2 SO 4 and in chromic acid. Suberin 
becomes invisible in the latter reagent owing to its dark colour, but 
requires several days for solution. Both give a yellow-brown 
colour with iodine followed by sulphuric acid. Phloroglucin, 
followed by HCl, produces a deep pink colour. Concentrated 
aqueous KOH gives a bright reddish-yellow colour with suberin, 
and a bright yellow colour with cutin ; the colours are somewhat 
intensified on warming (von Hohnel, Sitzungsber, Ah, Wien,, 
Ixxvi, 1877, p. 507). They turn yellow-brown with chlor-zinc- 
iodide, especially in sections treated with eau de Javelle and 
washed with 1 per cent. HCl (von Hohnel, 1. c.). They are 
stained red by alcoholic solutions of alkanin, Sudan HI, and 
Scharlach R., and are also stained by chlorophyll (see 
Zimmermann, Zeit, wiss, Mik, mik. Tech,, ix, 1892, p. 58 ; Soar, 
New Phyt, xxi, 1922, p. 269). Neutral violet (1 : 10,000 aqueous 
solution slightly acidified) is said to stain suberin violet, but not 
cutin. 

They are usually stained similarly to lignin by ordinary histo- 
logical methods. Stains which, in addition to colouring lignified 
walls and cork, sharply differentiate cutinised cellulose, are in 
order of merit : Magdala red (genuine), methyl green, solid green, 
malachite green, gentian violet and fuchsin. Less useful are: 
safranin, methyl blue, neutral red, erythrosin and eosin. The 
stains are best used in dilute aqueous solution. To correct over- 
staining or the staining of other tissues wash in alcohol, used pure 
or slightly acidulated with HCL See Kisser, ZaL wiss, Mik., 
xlv, 1928, p. 163 ; Priestley, Nezo xx, 1921, p. 17. 

Cutin is very resistant to acid hydrolysing agents, but is readily 
oxidised by either acid or alkaline oxydising agents. The best 
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stain for it is 1 per cent, alcoholic Sudan III. ; heat sections on 
the slide until the alcohol boils. For delicate cuticles use Nile 
blue sulphate or dimethylaminoazobenzene. See Lee and 
Pkiestley, Ann, Bot, xxxviii, 1924, p. 525. 

: 1304. Callose (see Mangin, Compt. rend., cx, 1890, p. 644) occurs 
principally in .sieye plates of the phloem, in pollen grains, and 
tubes and in fungal hyphae. It is insoluble in water, alcohol, 
cold alkali carbonates, ammonia and Schweizer’s i*eagent, but very 
soluble in 1 per cent. NaOH or KOH, concentrated H 2 SO 4 and 
concentrated calcium chloride and tin chloride solutions. Iodine 
colours it yellow, chlor-zincr iodide brick red or red brown. It is 
strongly stained by a dilute solution of coralin in 4 per cent, 
aqueous sodium carbonate, by dilute aqueous anilin blue 
followed by dilute HCl, and by a number of other anilin dyes, 
especially after dilute alkali treatment or oxidation. 

1305, Chitin is a constituent of fungal cell-walls. Use Van 
Wisselingh’s (Jahrh. Wiss, Bot, xxxi, 1898, p. 657) chitosan 
reaction. Seal material in glass tubes with glycerine and heat to 
300° C. in an oil bath. Then treat in concentr^ed or 50. per 
cent. KOH at 160° to 180° C. for twenty minutes and wash on 
slide with 95 per cent, or absolute alcohol. Bring to distilled 
water, treat , with aqueous iodine . solution and then with 1 per 
cent. H 2 SO 4 . Chitinous .walls then stain violet red, the colour 
disappearing in 70 .per cent. acid. If cellulose is present a blue 
colour then develops. . : 

A less intense blue-yiolet colour is obtained with iodine — 
\ potassium iodide solution and zinc chloride or chlor-zinc-iodide. 
\ See § 801. 

! 1306. Chloramine Test for Nitrogen in Cell-wall (Wood, Ann. 

j Bot, xl, 1926, p. 1 ; xli, 1927, p. 281). Submit sections to chlorine 
; gas for a prolonged period and treat with sodium phosphate and 
potassium iodide solutions. The presence of protein is indicated 
by the liberation of iodine. In lignified tissues the colour passes 
from yellow to brown and finally to pink. 

1307. Latex and Latex Vessels. Material containing latex must 
be collected in a manner to minimise loss of the latex before 
fixation is effected. Where there are long latex tubes, ligature the 
stem near the places where it is to be cut and preserve in 50 per 
cent, alcohol without removal of the ligature until hardening is 
complete. Longitudinal sections are usually best. Stain, in .a 
dilute aqueous iodine solution, followed by aqueous eosin or 
erythrosin. The tubes stain rose-pink, the starchrgrains purple. 
Mount in 2 per cent, aqueous acetic acid, or dehydrate, clear and 
mount in balsam. Latex vessels and cells are well brought Out 
by a heavy stain of safranin. 

Zijp (Arch. Eubbercult Nederlandr Indie, iv, p. 65) uses Sudan 
III. for staining latex vessels. 
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Pbpovici (C. E, Acad. Sei.i PariSj clxxxiii^ 1926, p. 14B) stains 
with neutral red, cresyl blue and indophenol blue. 

1307 his. Sieve-tubes. The coagulabk protein riiaterials in -sieve- 
tubes are shown by fixation in alcohol, but their - distribution is 
generally not properly maintained. A. Fischer (Ber, Dent, hot. 
Ges,y 18SB, 'p, 230) plunges whole plants, or long portions of 
plants sueh as branch-tips, iiito boiling water for two to five 
'minutes and then cuts them up for preservation. This coagulates 
the contents rapidly and the Schlauchkopfe,” artefacts due to 
cutting, are hot obtained. 

Stain half an hour or longer in dilute aqueous anilin blue solu- 
tion, rinse in water and dehydrate to 70 per cent, alcohol ; counter- 
stain with 1 per cent, eosin or erythrosin in 70 per cent, alcohol, 
dehydrate, clear and mount. The anilin blue is intensified by 
treatment with milk alkali (ammonium hydroxide or carbonate). 
It needs no differentiation. If desired, sections can be placed in 
a stronger solution and afterwards differentiated in glycerine. 
Callose blue, rest pink. (Russow, Sitzungsber, nat. Ges. Univ,. 

BorpaL, Yiyp, 88), 

. A. saturated aqueous solution of eosin followed by a 1 per cent, 
solution of methylene blue in 90 per cent, alcohol also gives a 
good stain. Eosin fifteen to twenty minutes, wash in dilute alcohol, 
stain in methylene blue one to two minutes, dehydrate rapidly in 
absolute and clear with clove oil. This is also good for latex, 
medullary rays, the development of sieve tubes and for con- 
ducting parenchyma. 

Harrar (Rot Gas:., Ixxxvi, 1928, p. Ill) recommends Bismark 
brown and Heidenhain’s haematoxylin for the phloem tissues of 
woody plants. 

1308. Surface features of plants may frequently be studied, by 
reflected light. NeuwirtNs Casting Method (Zeits, Zuckerind, 
Czechoslovak, EepuhLy 1930, p. 341). Place plants in an 
ether-alcohol and acetic solution of collodion with addition 
of castor oil or paint on a film with a brush. The mixture is 
coloured by a highly concentrated acetic-acid-fuchsin solution. 
Strip off film as soon as it dries at the edge. The surface details 
of roots, stems and leaves and numbers of stomata per square 
millimetre of leaf surface, the latter by means of miniature 
quadrats and transects, may be studied. Long and Clements 
(Amer, Journ, Bot,^ xxi, 1934, p. 7) also use a solution of cellulose 
acetate. Artsikhovskaia Journ, Bot, V,S,S,E,^ xvii, 1932, 
p. 154) uses a 10 per cent, gelatine solution. See also Ohga, Bot, 
Mag. Tokyo, xl, 1926, p. 550. 

1308 his. Preservation of Natural, especially Green, Colour. The 

simplest fluid consists of concentrated formalin saturated with 
copper acetate, diluted to 4 per cent, for use. This is especially 
useful for Chlorophyceas and Mxyophycese. The green colour 
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is more bluish than the original and there is usually some 
shrinkage.. 

Semichon {Rev. Path. Veg. et Ent Agric., xiv, 1927, p, 228) 
suggests water 8 c.c., 40 per cent, formalin 1 c.c., 4 per cent, 
aqueous solution of copper acetate 1 c.c. Evans (Journ. Quekett 
3Iicr. Club., xiv, 1921, p. 225) suggests fixation in a mixture of 
10 c.c. of 5 per cent, neutral formalin and 1 c.c. of 10 per cent, 
zinc acetate in thymol water, diluted if shrinkage occurs. After 
a time the material is washed and preserved in glycerine by con- 
centration. Keefe Ixiv, 1926, p. 831) gives : 


Fifty per cent, alcohol 
Commercial formalin 
Glycerine 

Glacial acetic acid . 
Copper chloride 
Uranium nitrate 


90 c.c. 
5 . 

2-5 „ 
2*5 „ 
10 grm. 
1*5 „ 


This acts as a feing and preserving fluid, causes little or no 
shrinkage and gives a natural green colour. For Myxophycese 
substitute 10 grm. copper acetate for the copper chloride and 
uranium nitrate. For yellowish-green plants reduce the copper 
chlonde to half. Delicate forms are fixed in forty-eight hours 
others m three to ten days. In making microscopic mounts 
transfer to a mixture from which the alcohol has been omitted. 

Blaydes Ixxxv, 1937, p. 126) makes up 0-2 per cent, 

copper sulphate in either of the mixtures : (1) 5 c.c. formalin 
5 c.c. glacial acetic acid, 90 c.c. 50 per cent, ethyl alcohol : (2) 
10 c.c. formalin, 5 c.c. glacial acetic acid, 85 c.c. 70 per cent, ethyl 
alcohol. The cellular structure is preserved and the colour fixation 
does not interfere with staining. See also Kissee, Ber. Deut. hot. 
Ges., Iviii, 1940, p. 256. 


CHAPTER XLVII 
GENERAL STAINING 

1309. The stains used, are mostly the standard solutions of 
single dyes. Aqueous solutions, e.g, of eosin, carmine, gentian or 
crystal violet, methylene blue, anilin blue, picric acid, are com- 
monly 1 or 2 per cent, solutions in distilled water. Solutions of 
crystal or gentian violet in anilin water {saturated aqueous 
solution of anilin oil, prepared by shaking and filtering) stain 
more densely but do not keep so well. The hsematoxylins most 
used are Heidenhain, Delafield, E.rhlich and Kleinenberg. Alco- 
holic solutions are generally 1 per cent, and are made up in 70 
per cent, alcohol, e.g, fuchsin, light green, methyl or iodine green, 
Bismark brown, crystal or gentian violet, alcoholic eosin or 
erythrosin, auramine, phloxine (Magdala red). Safranin O is 
usually used as a 1 per cent, solution in 50 per cent, alcohol, pre- 
pared with distilled or anilin water (Zwaardemaker, Zeit, 
wiss, Mik,, iv, p. 212). Taylor adds 0*25 per cent, auramine 
to solutions of safranin and light green if the colour tone is too 
cold. 

Freehand sections can usually be well stained using much 
shorter periods in the stains than are indicated for microtome 
sections. The length of time in the stains depends upon the 
material as well as the strength of the stain solution. 

Wherever possible, especially when using combination stains, 
the course of the operations should be closely watched under 
the microscope. Differentiation and counterstaining may then 
be stopped at the critical stage. This is especially important 
when a second stain tends to reduce the primary one. In such 
cases, overstain with the first stain and cease the differentiation of 
it before the correct point has been reached. 

When the differentiation with an aqueous or alcoholic counter- 
stain is difficult, owing to very great loss of stain, dehydrate the 
sections to 95 per cent, alcohol and differentiate the primary 
stain. Then clear with a solution of the counterstain dissolved 
in clove oil. Crystal (or gentian) violet, ery throxin, light green 
and orange G may be employed thus. This method of staining, 
however,- appears merely to paint a coat of the dye on the un- 
stained, non-lignified tissues. The staining is usually brilliant 
but the differentiation dubious. 

Material mounted in glycerine jelly may be stained by adding 
small amounts of stain to the jelly. 

Pre-staining before sectioning is little used ; see Otis, Science^ 
Ixvi, 1927, p. 196 (alcohol-xylol-safranin method). 

§ 56 ". ■: 
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McLean xxxiii, 1934, p. 816) stains material 

with the free acids of erythrosin and eosin dissolved in xyloL 
Dissolve 1 grm. of stain in 100 c.c. water and add 10 per cent. 
HCl (s.g. 1*16), 3*5 c.c. for the erythrosin and 2*5 c.c. for the 
eosin. Allow the precipitate to settle and after twenty-four hours 
pipette off the clear liquid. Add 200 c.c. xylol and shake very 
gently or stir with a glass rod ; avoid an emulsion. Separate 
off the (nearly colourless) xylol extract. Stain with it after 
clearing in xylol. The free base of methylene blue (Nile blue 
is better) can be used similarly. Precipitate it by adding 2*5 c.c. 
10 per cent. NaOH for each gram of the dye. The two xylol 
stains can be used successively, but not mixed. 

Single stains are usually preferable for apical cells, young 
antheridia, archegonia and other relatively undifferentiated 
structures, if the preparations are for anatomical study. In such 
cases, stains which deeply colour the cell- walls without obscuring 
them by also colouring starch, plastids and other cell contents, 
should be used. Further, it is better not to counterstain the 
cytoplasm in these cases, as the dense cytoplasm often takes a 
heavy stain and obscures the walls. 

Combination stains have a wide application for differentiation 
between elements that are lignified or suberised and those that 
are not. It is usually best to combine a basic with an acid stain, 
the former for lignified and suberised, the latter for cellulose walls. 
A great number of stain combinations have been employed ; some 
of the more widely used and successful ones are described below. 

1309 his. McLean and Ieeland {Joitrn, Pharm. Assoc,, xxix, 
1940, p. 818) have introduced a rapid staining method which is 
accomplished by igniting and burning off, on the slide, the solvent 
of a small amount of stain dissolved in a high grade of alcohol. 
The stains are generally 1 per cent, in 95 per cent, alcohol, except 
for acid fuchsin and orange I, which are 0*5 per cent. Methyl 
blue is dissolved in 80 per cent, alcohol. Dehydrate sections to 
absolute alcohol and place 2 to 4 drops of primary stain on the 
slide, ignite and allow solvent to burn off completely. Wash 
briefly but thoroughly in 95 per cent, alcohol. Place 4 to 6 drops 
of counterstain on slide for ten to twenty seconds. With woody 
sections or with slowly acting stains (methyl blue and orange G) 
burn off. Wash in 95 per cent, alcohol, clear and examine. To 
insure proper differentiation, use a five to ten second counter- 
staining period, with washing and examination, repeated until 
stain satisfactory. Or hold over a white surface until colour of 
section changes to that of counterstain. 

The best combinations (counterstain second) for leaf sections 
are : methylene blue and eosin or erythrosin ; Victoria green and 
picric acid ; safranin A or rhodamine B and methyl blue. For 
stem and root sections : methylene blue and eosin, erythrosin or 
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orange G ; malachite green and acid fuchsin or orange I ; safranin. 
A and methyl bine. 

A shorter method combines stain and counterstain in one 
solution, the solvent of which is burnt off. Wash five to fifteen 
seconds according to combination and the nature of the sections, 
learnt by experience. Satisfactory combinations (the numbers 
indicating parts by volume) are : malachite green (or Victoria 
green) 1, and acid fuchsin 10, basic fuchsin 1, and methyl blue 10 ; 
safranin A 3, and orange G 20 ; methylene blue 1 and acid fuchsin, 
5, methylene blue 3, and erythrosin 20. The blood stains, namely 
Wright’s and Giemsa’s standard and Wright’s and Jenner’s 
saturated solutions in 95 per cent, alcohol, are satisfactory after 
ignition. With Giemsa, blow out flame when glycerine begins to 
bubble. 

1310. Staining of Ribbons of Sections without Removal of 
Paraffin. Stretch ribbons as usual and float them upon the 
surface of the stains and then distilled water. Float them into 
place upon the surface of an aibumenised slide, dry, clear and 
mount. Sections of the same tissues may be stained by different 
methods and mounted side by side for comparison. The removal 
of the paraffin is necessary only in ease a very narrow diaphragm 
opening is used. 

Forceps with broad, fiat, blunt ends about 2 to 4 mm. wi# 
are useful for picking up the ribbons. The end of the ribbon 
rnay be gripped with such an instrument and the whole ribbon 
easily lifted by a gentle pulling motion. 

See McFaeland, Ivi, 1922, p. 43 ; de Fraine, New 

Phyt, xii, 1913, p. 123. 

ANATOMICAL STAINS 

1311. Basic fuchsin is one of the best for lignified and suberised 
tissues. Prepare by adding a 5 per cent, alcoholic solution to 
strong ammonia (0*880) so long as the solution remains colourless 
or. has merely a pale straw colour. To use (1) immerse freehand 
sections in the stain for some time and then wash in 95 per cent, 
or. absolute alcohol until the correct depth of colour has been 
produced, then clear in clove oil (Zimmermann). (2) Dip 
sections into the stain for a few seconds and then expose to allow 
the ammonia to evaporate ; when the correct colour has been 
reached dehydrate rapidly and clear (Bond, Trans. Roy. Soc. 
Edm,, Ivi, 1931, p. 695). 

1312. Heidenhain’s Iron Haematoxyiin, followed by safranin 
as a counterstain, is a good combination for general anatomical 
purposes, and especially for wood sections. Congo red (saturated 
aqueous solution) is superior to safranin as a counterstain for bark. 

1313. Delafield’s Haematoxyiin and Safranin. Dean {Stain 
Tech., XV, 1940, p. 61) stains first in Delafield’s hasmatoxylin 
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five to fifteen minutes differentiating the stain with acidulated 
water (1 or 2 drops concentrated HCl in 100 c.c.). Wash thoroughly 
in tap water or dilute lithium carbonate solution until the sections 
turn dark blue. Counterstain ten to minutes in rapid safranin 
(5 drops anilin in 100 c.c. 1 per cent, safranin O in 50 per cent, 
ethyl alcohol). Differentiate in 50 per cent, alcohol, dehydrate, 
etc. This is more certain and gives a sharper stain than safranin 
and Delafield’s hematoxylin. 

1314. Heidenhaik’s Iron Haematoxylin and Eosin (or Ery- 
throsin). Stain in the hematoxylin and dehydrate to 70 per cent, 
alcohol. Counterstain with eosin or erythrosin. Cellulose, etc., 
pink ; lignified tissues and nuclei black. Depending upon the 
degree to which the differentiation is carried, the hematoxylin 
may stain the whole wall of lignified tissue or be restricted to the 
middle lamella. 

1315. Delaeield’s Haematoxylin and Erythrosin. Stain in 
hematoxylin and afterwards stain thirty seconds to one minute 
in erythrosin. Orange G is also a good stain to follow Delafield’s 
hematoxylin. 

1316. Safranin and Light Green. Stain in safranin and 
differentiate. Stain in a solution of light green in 90 per cent, 
alcohol for ten to thirty seconds. The light green stains vigorously 
and also reduces the safranin. Pass rapidly through 95 per cent, 
and absolute alcohols and clear in xylol. The cellulose tissues 
stain green. The light green can also be dissolved in clove oil. 
Stain not more than thirty seconds, rinse with clove oil and wash 
with xylol. 

Or, stain in 1 per cent, safranin in 50 per cent, alcohol, dehydrate 
and pass to alcohol-xylol mixture and counterstain with fast’ 
green, two to four minutes, using a few c.c. of a saturated clove 
oil solution of fast green in the alcohol-xylol mixture. Or, 
stain thirty minutes in safranin and then a few seconds in 0*5 per 
cent, fast green FCF in absolute alcohol. Malachite green (1 per 
cent, alcoholic solution) may be substituted after twenty minutes 
in safranin. 

A violet staining of the cellulose tissues is obtainable using an 
aqueous, alcoholic or clove oil solution of crystal or gentian violet 
in place of the light green, and an orange stain by the use of 
orange G, in either alcohol or clove oil solution. 

1317. Safranin and Anilin Blue. Stain in safranin and 
partially differentiate. Stain in alcoholic anilin blue one to ten 
minutes and differentiate briefly in 95 per cent, alcohol. Then 
fix and intensify the blue stain with slightly acidulated (HCl) 
alcohol. Wash in neutral 95 per cent, alcohol, followed by 
absolute, and clear in xylol. The cellulose tissues stain a brilliant 
blue. The combination is difficult and the contrast unsuitable for 
microphotography. 



safrAnin chloeazol black 


659 


The use of auramine in place of the safranin gives an easier 
combination and a less severe contrast. 

1318. Crystal (or Gentian) Violet and Bismark Brown, Stain in 
aqueous violet solution ten to twenty minutes, and without 
washing stain in Bismark brown (in 80 per cent, alcohol) for about 
five seconds. Dehydrate rapidly in absolute alcohol and differ- 
entiate in clove oil. Wash in xylol. A brilliant stain ; lignified 
tissues, cuticle and cork violet, cellulose tissues brown. 

Orange G, in alcoholic or clove oil solution, may be used in 
place of the Bismark brown to give an orange stain in the cellulose 
tissues. 

Warington (Ann, Bot., xl, 1926, p. 27) uses gentian violet 
(saturated solution in 40 per cent, alcohol) for ten minutes, 
followed by Vesuvian brown (saturated solution in 50 per cent, 
alcohol) for a few seconds. 

1318 bis. Chlorazol Black E and Lignin Pink. Cannon {Jotirn. 
Roy. Mic. Soc., Ixi, 1941, p. 88) dissolves 0*5 grm. of each stain in 
100 c.c. water and uses a twenty to thirty minute staining period. 

1319. Iodine Green and Acid Fuchsin. Stain in aqueous iodine 
green and differentiate briefly with 95 per cent, alcohol. Counter- 
stain with acid fuchsin for two to three minutes. Differentiate 
in absolute alcohol. Lignified tissues, cuticle and cork green, 
cellulose tissues pink. The difficulty lies in losing too much green, 
but the combination is useful in giving green xylem where the 
latter is too dense to photograph when red. The stock solution 
of acid fuchsin is often best diluted with 1 to 5 parts of 70 per 
cent, alcohol. Methyl green (aqueous solution) can be used in 
place of iodine green. 

Iodine green with orange gas cOunterstain is good for woody 
tissues. 

1320. Bismark Brown and Light Green. Stain lightly with 
Bismark brown and differentiate in 50 per cent, alcohol. Counter- 
stain with alcoholic light green for one to five minutes and 
differentiate in 70 per cent, alcohol. Lignified tissues brown, 
cellulose green. Differentiation not always very sharp, 

1321. Picric Acid and Methylene Blue. Stain twenty-four hours 
or more in saturated aqueous picric acid, rinse quickly in water 
and stain briefly in aqueous methylene blue. Rinse and dehydrate 
rapidly. Lignified tissues, etc., lemon yellow, cellulose tissues 
blue. 

1322. Fuchsin and Picric Acid. Dissolve 2 grm. acid fuchsin in 
100 c.c. saturated alcoholic picric acid (Newby and Plummer, 
Bot. Gaz., xvciii, 1936, p. 198). This is very good for woody 
sections. See also Pujiula (Bol. Soe. Iberica Cienc. Nat, i, 1928). 

1323. Crystal violet and erythrosin (Jackson, Stain Tech., i, 
1926, p. 83) is useful for material in which the xylem elements are 
small or weakly lignified. Stain in 1 per cent, crystal violet, in 
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distilled water, for fifteen minutes, rinse quickly in water; dehy- 
drate rapidly in 95 per cent, and absolute alcohol. Stain one to 
five minutes in a saturated solution of erythrosin in clove 
oil, treat with equal parts absolute alcohol and xylol one to 
two minutes and clear in xylol. Erythrosin tends to replace 
crystal violet in lignified tissues, hence its action needs exact 
control. 

1324. Phloxine (or Magdala Red) and Anilin Blue. Stain in 
phloxine (1 per cent, in 90 per cent, alcohol) three to tw’^enty-four 
hours, rinse in 95 per cent, alcohol and stain two to ten- minutes 
in anilin blue (1 per cent, in 90 per cent, alcohol), made 
freshly. Rinse in 95 per cent, alcohol and treat with 95 per cent, 
alcohol slightly acidulated with HCl. The blue is intensified and 
the red extracted. Wash in 95 per cent, alcohol rendered slightly 
alkaline with sodium carbonate if the red has become too dull. 
Wash in absolute alcohol and clear in xylol. See Chambehlain, 
Stain, Tech,, ii, 1927, p- 91. 

1325. Safranin and Picro-anilin Blue (Smith, Science, lix, 
1924, p. 557.) Stain in safranin two hours, and destain to a light 
pink in 50 per cent, alcohol. Stain two hours in picro-anilin 
blue (saturated solutions, in 95 per cent, alcohol, of picric acid and 
anilin blue mixed in ratio of 78 per cent, picric acid to 22 per 
cent, anilin blue.) Wash ten seconds in absolute alcohol and 
clear in clove oil. 

1326. Malachite Green (or Methylene Blue) and Congo Red. 

Used by Gregoire (see Chamberlain, p. 94). Stain in 3 per cent, 
aqueous malachite green for six hours or more, wash in water and 
stain in 1 per cent, aqueous Congo red for fifteen minutes. Wash 
in water and differentiate in 80 per cent, alcohol until the green 
stain appears through the red. Dehydrate rapidly in absolute 
alcohol and clear in xylol. 

1327. Cyanin and Erythrosin. Best used made up in 50 per cent, 
alcohol. Stain in cyanin five to ten minutes or longer, rinse 
quickly in 50 per cent, alcohol and stain thirty seconds to one 
minute in erythrosin. Rinse quickly in 50 per cent, alcohol, then 
95 per cent, alcohol and absolute and clear in xylol. Lignified 
tissues blue, cellulose tissues red. 

Aqueous solutions may also be used, but the stains then wash 
our even more rapidly. 

1328. Iron Haematoxylin and Bismark Brown. Blaydes [Stain 
Tech,, xiv, 1939, p. 105) mordants sections 10 minutes in 4 per 
cent, iron alum, rinses in water and stains one minute in 0*5 per 
cent, aqueous hsematoxylin. Then rinse in water and destain 
in 2 per cent, iron alum, rinse and intensify colour in 0*5 per cent, 
aqueous lithium carbonate. Rinse thoroughly and stain one to five 
minutes in 1 per cent, aqueous solution of Bismark brown Y (5 
per cent, phenol crystals should be added as preservative). 
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Rinse in water, dehydrate, etc. Is satisfactory for middle 
lamellae in wood, phloem in potato tuber, endosperm. 

• 1329. Double Staining for Glycerine Preparations. Lauche 
{Zts. wiss, Mik, L., 1934, p. 428) dissolves a small amount of 
ruthenium red in 10 c.c, hot water and adds a little ammonia. 
Pass sections from water to this stain. Wash in two changes of 
water and then stain in 0-02 aqueous crystal violet. Rinse in 
water and mount in pure glycerine. Woody elements blue, rest 
red. 

1330. Light Green and Sudan III (Bugnon, C. E, Acad, Sci,, 
Paris, clxviii, 1919, p. 62). Stain in saturated aqueous or alcoholic 
light green, acidulated with hydrochloric or acetic acid. Wash in 
water to remove stain from all but the lignifled tissues and then 
stain in an alcoholic solution of Sudan III. Bugnon suggests some 
triple combinations, involving ammoniacal gentian violet or other 
stains in addition. 

1331. Staining Cell-walls in Meristematic Tissues. Foster 
{Stain, Tech,, ix, 1934, p. 91) describes the use of tannic acid and 
ferric chloride (cf. Lange, Planta, iii, 1927, p. 181). Transfer from 
water to 1 per cent, aqueous tannic acid for ten minutes. Add 
1 per cent, sodium salicylate to the tannic acid as a fungicide. 
Wash thoroughly in water and place in 3 per cent, aqueous FeClg 
several minutes. Cell-walls of meristems should appear black or 
dark blue, and nuclei and cytoplasm grey. Wash, and if too weak, 
replace in tannic acid solution. Transfer to 50 per cent, alcohol. 
Stain forty-eight hours in 1 per cent, safranin in 50 per cent; 
alcohol. Wash in 50 per cent, alcohol and destain in weak acid 
alcohol. Dehydrate and clear. Northern {Stain Tech., xi, 
1936, p. 23) gives alternative Schedules. 

Sharman {Stain Tech., xviii, 1943, p. 105) places sections 
in 2 per cent, aqueous zinc chloride for one minute, and then 
stains in 0-004 per cent, aqueous safranin O for five minutes. 
The sections are then placed for five minutes in a mixture of 
two grm. orange G, 5 grm. tannic acid and 100 c.c. water and 
4 drops HCl. Then five minutes in 5 per cent, aqueous tannic 
acid and two minutes in 1 per cent, iron alum. Rinse briefly in 
tapwater between each stage. 

Boke {Stain Tech,, xiv, 1939, p. 129) uses Delafield’s hematoxy- 
^ lin and safranin, mordanting in 1 per cent, potassium perman- 
ganate previous to staining if the tissues do not stain readily. 

See also Ball, Amer, Journ, Bot., xxviii, 1941, p. 233. 

CYTOLOGICAL STAINS 

1332. Most important are Heidenhain’s, Mayer’s and Cole’s 
hsematoxylins, Newton’s gentian violet iodine (modified Gram 
stain) and thionin. 
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Cole’s (Science, Ixiv, 1926, p. 452) rapid hsematoxyiin method 
is highly adaptable. Prepare, as mordant, a solution of 20 e.c. 50 
per cent, alcohol, 1 grm. ferric chloride and 2 c.c. glacial acetic 
acid, and as stock stain 20 c.c. absolute alcohol, 0*2 grm. 
sodium hydrosulphite, 5 drops distilled water and 1 grm. light 
brown hsematoxylin crystals. The stock stain is very powerful 
and will keep without oxidation for a long time. Use mordant 
and stain separately or combined. To prepare the stain for use : 
(1) Add 5 drops of stock solution, followed by 1 drop of 
ammonium hydroxide, to 5 c.c. of tap-water in a dropping bottle ; 
the stain is ready for use in thirty seconds and retains its potency 
for about four hours. Or, (2) use 95 per cent, alcohol instead of 
tap-water ; the stain is ready for use after twenty minutes and 
has a longer life than the aqueous solution. Or, (3) add 5 drops 
of stock solution to 10 drops of tap- water and add 1 drop of 
ammonium hydroxide ; after thirty seconds add 5 c.c. 95 per 
cent, alcohol and the stain is ready for immediate use and lasts 
longer than (1). 

Method, Flood the slide with mordant for five minutes. Rinse 
a few seconds in tap-water and flood with stain. Staining requires 
ten minutes or less. Differentiate in 0*1 to 0*4 per cent, hydro- 
chloric acid and when this is complete blue the slide in a jar of 
water containing 1 or 2 drops of ammonium hydroxide. Counter- 
stain in erythrosin, if desired. Dehydrate, clear and mount. The 
fresh stain gives blue nuclei ; that an hour or more old gives blue- 
black or black nuclei. To secure black nuclear stains use solu- 
tions several hours old, or add 2 to 3 drops of ammonium 
hydroxide in the preparation of the stain for use, or flood slides 
with fresh or old stain and add 1 drop of ammonium hydroxide. 

Cole (Stain Tech,, xviii, 1943, p. 135) uses iodine-ripened 
hsematoyxlin ; it is a single solution stain, stable for a very long 
time, giving high contrast. Dissolve 0*5 grm. haematoxylin 
crystals in 250 c.c. warm water. Add 50 c.c. 1 per cent iodine, 
dissolved in 95 per cent, alcohol and then 700 c.c. saturated 
aqueous ammonium alum solution. Bring to boil and allow to 
cool. It is then ready for use. Any slight tendency for the 
cytoplasm to stain is corrected by the addition of small amounts 
of alum solution. 

Tuan (Stain Tech,, v, 1930, p. 135) recommends the use of a 
saturated aqueous solution of picric acid to differentiate material 
stained in Heidenhain’s and Delafield’s haematoxylin ; follow by 
washing thirty minutes in water. A more transparent stain is 
produced, no brownish or muddy coloration is obtained, and 
since picric acrd is milder in its destaining properties a more con- 
trolled action is possible. , 

Stain combinations are best avoided for most work, as they are 
frequently capricious. But good results can frequently be 
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attained. The following are the more important combinations 
used. 

1333. Iron Haematoxylin and Safranin. See Lenoir {Rev. 
Gen. xxxviii, 1926, p. 354). Mordant sections two to three 
hours in 3 per cent, ferric alum, wash in water and stain three 
hours in hsematoxylin. Wash in water and differentiate in 
3 per cent. alum. Stain in safranin for twelve to fifteen hours. 
Differentiate in weakly acidulated 70 per cent, alcohol until the 
cytoplasm loses its rose tint. 

1334. Safranin and Crystal Violet (Hermann, Arch. mik. 
Anat., xxxiv, p. 58). Stain three to twenty-four hours in 
safranin (1 per cent, in 50 per cent, alcohol, made with anilin 
water) ; destain five to thirty seconds in 50 per cent, alcohol. 
Counterstain in a solution of crystal violet in anilin water for 
ten seconds to a few minutes. Dehydrate rapidly through 50, 70 
and 95 per cent, alcohols, omitting 50 and 70 per cent, if stain 
lost too rapidly. Clear and differentiate in clove oil ; wash in 
several changes of xylol. 

Chromosomes and nucleoli red ; resting nuclei and chromatin 
granules violet ; prophase and early telophase nuclei may show 
violet chromonema and red chromatin granules ; cytoplasm light 
violet and spindle deeper violet. 

Substitution of dilute solution of crystal violet in clove oil for 
aqueous solution gives brilliant staining of nucleoli and chromo- 
somes. Remove excess stain with clove oil. 

The staining may be reversed in effect. Stain six to twenty-four 
hours in a 1 per cent, solution of crystal violet in 70 per cent, 
alcohol and destain briefly with 50 per cent, alcohol. Counter- 
stain with safranin for fifteen seconds to five minutes. Dehydrate 
rapidly, clear in clove oil and wash in xylol. Chromosomes and 
nucleoli violet, cytoplasm and spindle red. See also Stockwell 
{Science, Ixxx, 1934, p. 121) for a safranin, gentian violet staining 
method for difficult cases, 

Flemming’s Triple Stain. See § 321. 

1335. Safranin and Anilin Blue (Darrow, Stain Tech, xix, 
1944, p. 65). Stain fifteen minutes in 1 per cent, aqueous- 
safranin O and rinse in water. Apply a few drops of 1 per cent, 
anilin blue W.S. in 95 per cent, alcohol for two minutes. 
Dehydrate, clear and momit. 

1336. Nebel’s Crystal Violet and Acid Fuchsin {Zeits. Zellf. 
Mikr. Anal., xvi, 1932, p. 251). Stain from water in acid fuchsin 
and differentiate in picric acid. Stain in crystal violet and dehy- 
drate rapidly. 

1337. Methyl Green and Acid Fuchsin (Guignaed, Rev. Gin, 
Bot., i, p. 11). Stain several hours in aqueous methyl green and 
differentiate in water or 50 per cent, alcohol until the stain is 
removed except from the nuclei and chromosomes. Stain for a 
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short time (thirty seconds to three minutes) in aqueous acid 
fuchsin which tends to replace the methyl green. Dehydrate with 
absolute alcohol, clear in clove oil, wash in xylol and mount. 
Chromosomes and nucleoli green, spindle and cytoplasm pink. ‘ 

1338. CMorazol Black E is a useful cytological stain. Dareow. 
(Stain Tech., xy, 1940, p. 67) uses a 1 per cent, solution in 70 per 
cent, alcohol. Stain five to ten minutes, wash in 95 per cent, 
alcohol, dehydrate, etc. No mordant and no differentation is 
required. Cell walls jet black, cytoplasm and plastids greyish 
green, nuclei green, nucleoli dark green, hyphse yellow green. 

1339. Beeinl’s Triple Stain (safranin, polychrome methylene 
blue and orange tannin). Mordant fifteen minutes in alcoholic 
iodine-potassium iodide solution, rinse with water and stain thirty 
minutes or longer in safranin (alcoholic solution). Wash with 
water, place ten minutes in polychrome methylene blue and again 
wash with water. Flood with orange tannin. When the orange 
has replaced the blue in the cytoplasm, wash well with 95 per cent, 
alcohol, rinse in absolute alcohol and clear with anilin oil, which 
also completes the differentiation. The action is not given by pure 
anilin oil, but by virtue of some impurity in the commercial 
product. Rinse with cedar oil, and mount in balsam. Chromo- 
some threads blue, metaphase chromosomes red, cytoplasm pale 
yellow. 






CHAPTER XLVIII 


SOME METHODS OF SPECIAL STAINING VITAL / -; 
STAINING AND CYTOPLASMIC STRUCTURES ■ 

1340. living Material. Relatively few plant structures {e.g^, 
unicellular and filamentous plants, pollen mother-cells, hairs, 
stripped epidermis) are adapted to intravital observation. 

1341. Coloured cell structures (chloroplasts, chromatophores, 
eyespots) are best examined in the living state and require no 
special treatment. Chromatophores with faint pigmentation are 
made more evident by a suitable screen placed below the con- 
denser (see Plastids). 

For methods of investigating living cells of cambium see 
Bailey {Zeits, Zellforsch, Mik, AnaL] x, 1930,: p. 651) and 
Priestley, Scott and Malins (Proc. Leeds Pkih and Lit Soc., ii, 
1938, p. 365). Bailey kept cambial initials alive and actively, 
streaming for 500 hours in saccharine solutions and “ white 
Russian oil.” 

Martens (PwZZ. dHistoL AppL, v, 1928, p. 229) studies the 
resting nucleus of living cells during the process of fixation. 

See also Favorskii {Mem, Soc. Nat Kieff,, xxyH, 1926, p. 71) 
for the so-called chromolytic method of studying living cells. 

Dark Ground Illumination. See Price, Bot, xxviii, 

1914, p. 601 ; Strangeways and Canti, Quart Journ. Mic, ScL, 
Ixxi, 1927, p. 1. 

The phase contrast microscope seems likely to have a limited 
application to plant material, owing to the interference due to 
the cell wall. See § 893. 

1342. Micro-culture Chambers. Kmcw:E,is. {Die mikroskQ 2 nsche 
Pflanzenwelt des Susswassers, 1S85, Brunschweig) and Vqsseler 
{Zeits, Wiss. M^7c., vii, 1890, p. 457) use a square coverslip 
supported on a slide at its corners by small wax feet ; the wax is 
made by adding to melted wax half to one-third its bulk of 
Venetian turpentine, stirring constantly. 

1343. Hangir^-drop methods consist essentially in a coverslip, 
with a drop of a suspension of the material on its lower side, 
supported on a wall built up on the slide ; a fair volume of air is 
thereby provided. The van Tieghem cell is the best, and consists 
of a short piece of wide glass tubing cemented to the slide with 
balsam. 

1344. Continuous Flow (Siphon) Chambers. Klercker {Unter- 
such, hot Inst Tubingen^ ii, p. 333) uses a charnber prepared by 
cementing two strips of glass (about 0T5 mm. thick) to a slide 
leaving a channel between them. The material is placed in the 
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channel and covered with a coverslip ; the space is then com- 
pletely filled with liquid. A strip of linen is then pushed under 
the cover from each side and rubber bands or clips are used to 
fasten the coverslip to the slide. The linen strips are connected 
to a siphon system, one acting as inlet and the other as outlet. 

Gauthebet (C. E. Acad' Sci. Paris, cxcviii, 1934, p. 2195) 
grows explants of cambium and phloem on cotton saturated with 
culture media. 

See also imder Fungi, methods of Vernon, Bachmann, Cifferi. 

1345. Pollen Mother-cells. Chromosomes in pollen mother-cells 
may be examined in isotonic cane sugar solution well buffered at 
pH 5 or a little less. At higher pH the chromosomes lose visibility. 
Better mounting media are olive oil (Sakamuba, Protoplasma, i, 
1926, p. 537) and liquid paraffin (Schaede, Ber. Deutsch. bot, 
Ges., xlviii, 1930, p. 342). 

1346. Intravital staining is limited in its application to plant 
material largely because the firm nature of the cell- wall impedes 
the entry of the dye. Further, cutin may prevent wetting of the 
material and the presence of pigments obscure the effect of the 
dye. Suitable material includes : fresh- water alg^ ; fungi ; 
hairs of pistils, stamens, leaves, etc. ,* stripped epidermis ; root- 
hairs ; portions of aquatic plants. Such material can frequently 
be kept in good condition and stained in an isotonic solution. 
Suitable stains are Bismark brown in dilution of 1 : 3000, methylene 
blue and neutral red in dilutions of 1 : 1000 to 1 : 100,000. Such 
solutions stain the nuclei, plastids etc., and the stain should 
become more intense as the cells become moribund. Neutral 
red penetrates more rapidly and is less toxic than other vital 
stains. Becker {Acta Soc. Bot. Polonice, vi, 1929, p. 214) found 
solutions of neutral red, at dilutions of 1 : 20,000 to 1 : 15,000, 
did not disturb the course of mitosis in Stratiotes, Hydrocharis 
SiXid Nuphar, 

Other stains that have been used are toluidine blue, brilliant 
cresyl blue, Janus green B, malachite green, safranin, rhodamin B, 
Rhodamin 6 G, bromo-phenor blue, phenol red, methyl green, 
erythrosin, eosin, dahlia violet, chrysoidin. The subject is 
reviewed by KtisxER, Bot Rev., v, 1939, p. 351. The toxicity is 
often increased by exposure to light (Patterson, Amer. Jov/rn. 
Boi., xxviii, 1941, p, 628). 

1347. Direct staining is frequently used on material without 
previous fixing and mordanting processes. The dyes are usually 
highly toxic. Iodine, eosin, picro-nigrosin, aceto-methyl green 
(see § 357) and aceto-carmine are most useful. Stain five minutes 
in 1 per cent, aqueous eosin, differentiate in water and fix the 
stain with 2 per cent, aqueous acetic acid. The material can be 
treated with aqueous iodine solution first to stain the starch and 
afterwards stained with eosin. 
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1348. Plasmodesmen (protoplasmic connections) are generally 
made more evident by swelling of the cell- walls. Swell with 
25 per cent., or stronger, sulphuric acid to which iodine has been 
added. Or fix with 1 per cent, osmic acid and stain with crystal 
violet. Material dehydrated and imbedded in the usual way is 
unsatisfactory. Intra-vitam staining is also unpromising. 

Ckaft’s method {Stain Tech,, vi, 1931, p. 127). Cut free-hand 
sections from fresh material and place them in a solution of 
0*75 grm. KI and 0*5 grm. iodine in 100 c.c, water for five minutes. 
Swell five minutes with 10 per cent, sulphuric acid. Then mordant 
five minutes in a solution of 1 grm. iodine and 1*25 grm. KI in 
100 c.c. of 5 per cent, sulphuric acid. Wash in 5 per cent, sulphuric 
acid until the iodine starts to fade, changing the liquid once or 
twice. Transfer to freshly mixed stain (0*5 per cent, aqueous 
gentian violet in 5 per cent, sulphuric acid, made up to form a 
dark green solution). Heat to about 50® C. and allow to stand five 
minutes. Wash sections quickly in 5 per cent, sulphuric acid. 
Intensify the stain and clear the cell walls by immersion in a weak 
solution of iodine-potassium iodide iii 5 per cent, sulphuric acid 
for one to two minutes. Mount in a mixture of 30 c.c. glycerine, 
2 grm. zinc chloride and 0*1 grm. iodine and a bit of KI in 60 c.c. 
water. Eventually the stain crystallises out ; keep the preparation 
(iool to retain it longer. See also Livingston, Amer, Journ, Bot,, 
xxii, 1985, p. 75. 

1349. Spermatozoids, zoospores, motile gametes and other 
motile naked bodies are best fixed as a suspension in a drop of water 
(or culture medium) with the vapour from a 1 per cent, osmic 
acid solution (Steil, Bot Gaz,, Ixv, 1918, p. 562). Dry the slide 
and stain. A variety of stains may be used. Steil stains in 
safranin ten minutes to one hour, then washes in water and in 
95 per cent, alcohol until only the nucleus remains stained. If 
necessary, next clear in xylol and remove the xylol with 95 per 
cent, and absolute alcohol. Then stain in acid fuchsin ten to 
twenty seconds, wash in absolute alcohol, clear in clove oil and 
xylol and mount in balsam. Nucleus bright red, cytoplasm a 
bluish-pink. He also obtained good results .by staining in iron 
haematoxylin. Iodine green and acid fuchsin, Delafield’s haema- 
toxylin, Flemming’s triple and others may also be used. 

Showaltee (Ann, Bot., xl, 1926, p. 702) considers Heidenhain’s 
haematoxylin best for details of Bryophyte antherozoids. He 
recommends Bismark brown as a counterstain to show the 
gelatinous envelope. For the general form, and some details, 
stain in dilute gentian violet, rinse in water, dry, and add a drop 
of balsam and a coverslip. 

For Cotner’s method for fungal zoospores see § 1419. 

Cilia. To observe, mount organisms in a dilute solution of 
cocaine. They may be observed in motion by the method of 
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Biitschli (Ueber de Bau der Backterien und verwandter Organismen, 
Leipzig, 1890). He suspends fine granules of carmine in the fluid 
containing the organisms. 

Migula {Bot, CentrhL, xliv, 1890 p. 72) adds a very small 
drop of concentrated alcoholic solution of cyanin to living material 
and, after a time, enough water to precipitate the cyanin not 
taken up. The cilia are at first pale blue, but after the addition of 
water deep violet. 

Rapid killing with osmic acid vapour, 1 per cent, oxmic acid, 
1 per cent, chromic acid or iodine-potassium iodide solution is 
essential. 

Zimmermann fixes a drop of suspension on a slide with osmic 
vapour and allows it to dry. Add a drop of 20 per cent, aqueous 
tannin and wash off with water after five minutes. Stain in 
concentrated aqueous fuchsin, or, better, carbol-fuchsin. Wash 
with water, dry and mount in balsam. Loeffier’s flagella stain 
(for bacteria) can be used for difficult cases. See also Hollande. 
Arch, zool. exp, etgSn,, lix, 1920, p. 75. 

For algal and fungal zoospores add a drop or two of 1 per cent, 
osmic acid to the water containing them and then a drop or two 
of strong alcoholic solution of equal parts of fuchsin and methyl 
violet. 

1350. Nucleoli, Zimmermann recommends fixation with con- 
centrated alcoholic solution of corrosive sublimate and staining 
by Altmann’s acid fuchsin-alcoholic picric {Arch, Anat, Physiol,, 
Anat, Aht, 1889, p. 409), Zimmermahn’s acid fuchsin and acid 
fuchsin-potassiurn bichromate methods or double staining with 
acid fuchsin and Delafield’s haematoxylin. 

After Feulgen staining, the nucleoli may be counterstained by 
a few seconds in a dilute solution of light green in 80 per cent, 
alcohol, followed by dehydration, etc. Semmens and Bhaduri 
{Stain Tech,, xvi, 1941, p. 119) describe a more elaborate tech- 
nique in which Feulgen stained preparations are mordanted at 
least an hour in 80 per cent, alcohol saturated with sodium car- 
bonate. Rinse in 80 per cent, alcohol, then 95 per cent, alcohol 
and pass into light green solution for twenty to twenty-five 
minutes. Differentiate in one tenth saturated solution of sodium 
carbonate in 80 per cent, alcohol, dehydrate, clear and mount. 

Rezende-Pinto {Stain Tech,, xxii, 1947, p. 3) describes a 
method in which Carnoy fixed material is hydrolysed in N, HCl 
at 60° C. for four minutes, followed by transference to acetic 
tannin, made by dissolving 6 grm. tannic acid in 10 c.c. glacial 
acetic acid and then adding 30 c.c. distilled water, for five minutes. 
Wash in water and stain for five minutes in 40 per cent, iron 
alum. Wash thoroughly, dehydrate and mount. Nucleoli and 
plastids stained. 

1351. Other Cell Organs. Centrosomes and blepharoplasts are 
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very responsive to osmic acid, failing to be visible following chrom- 
acetic fixation without it. Polar caps and spindle fibres are less 
distinct following fixatives where the osmic is large in amount. 
The osmic acid should be reduced as far as possible in Flemming 
fluids used for this purpose, but if too little in amount the cyto- 
plasm appears as a mass of coarse vacuoles. 

Sghaede Biol. Pflanzen^ xiv, p. 367) has a modification 

of JueFs fixative to show spindle structure. 

1352. Cytoplasmic Inclusions. Plant cytoplasm appears to 
contain two systems of self-perpetuating structures, viz. mito- 
chondria, and plastids and their primordia. The majority of the 
methods used in the study of the cytoplasm are identical with 
those used on animal tissues. The behaviour of these methods, 
however, is more erratic with plant material. Some at least of 
the variability follows from different conditions of growth of the 
plant material. 

A complication is introduced by the presence of proplastids 
(plastid-primordia), which resemble and have been identified by 
some with mitochondria. Zirkle {Bot. Ixxxviii, 1929, 

p. 186) defines as mitochondria all small inclusions preserved 
by bichromates with a greater than 4*2 to 5;2 (dependent on 
the cation) and destroyed by more acid bichromates and by 
mixtures of bichromates and acetates ; he restricts the term 
“ plastid ” to those bodies containing starch or chlorophyll. He 
fixes plastids and their primordia in 1*25 grm. potassium bichro- 
mate, 1*25 grm. ammonium bichromate, 1 grm. copper sulphate 
and 100 c.c. water. 

1353. Mitochondria are preserved by neutral formalin; fix 
forty-eight hours, wash in water and stain in Heidehhain’s hsema- 
toxylin. Mottier {Ann, Bot,, xxxii, 1918, p. 91) finds a mixture 
of 17 c.c. 1 per cent, chromic acid, 3 c.c. 2 per cent, osmic acid 
and 3 drops acetic acid the best fixative. 

See also ZiRKLE, Ixvi, 1927, p. 400. 

Newcomer {Amer, Journ, Bot,^ xxxiii, 1946, p. 684) states that 
Zirkle’s fluid {Bot Gaz„ Ixxxviii, 1929, p. 186) is the best fixa- 
tive of the mitochondria. Use 1*25 grm. potassium dichromate, 
1-25 grm. ammonium dichromate, 81 grm. copper sulphate to 
100 c.c. water. Preservation of nuclear detail is also secured 
if the material is prefixed in 0*5 per cent, quinone in 0*4 per 
cent. NaCl, followed by Zirkle’s fluid ; for a mixture of 10 c.c. 
0*5 per cent, quinone in 90 c.c. Zirkle’s fluid may be used. After 
fixation treated with 2 per cent, osmic acid for four to six 
days. The best stain is Heidenhain’s iron alum haematoxylin 
after bleaching with 1 per cent, potassium permanganate for 
five minutes and then in 3 per cent, oxalic acid for two to 
three minutes. See also Newcomer Tech,, xv, ^ 1940, 

p.89). 
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1354. Double Staining of Mitochondria and Starch Grains. 

Guilliermond recommends iron-alum hsematoxylin and iodine, 

osmic acid and iodine, or acid fuchsin, toluidine blue and aurantia 
(KuIFs stain, § 905). 

Milovidov (Arch. Anal. Microsc.^ xxiv, 1928, p. 9) describes 
adaptations of Volkonsky’s methods. 

(1) Fix in Regaud or chromo-formol-bichromate. Stain in 
acid rubin for five minutes at 60 to 80^^ C., differentiate under the 
microscope in 5 per cent, alcoholic aurantia and wash in water. 
Mordant twenty minutes in 2 per cent, aqueous tannin solutions 
and wash in water. Stain five to ten minutes in 1 per cent, 
aqueous toluidine blue or methyl green or gentian violet, differen- 
tiate in alcohol, dehydrate, clear and mount. Mitochondria red, 
starch grains blue, green or violet. 

(2) Fix in Meves, Regaud or chromo-formol-bichromate, 
mordant in 3 per cent, iron alum and stain in hsematoxylin for 
twenty-four hours ; differentiate in iron alum and wash well. 
Mordant in 2 per cent, aqueous tanning for thirty to sixty minutes 
and wash in distilled water. Then mordant in 3 -5 per cent, tartar 
emetic and wash in water. Stain in 1 per cent, aqueous gentian 
violet thirty to sixty minutes, differentiate in alcohol, dehydrate, 
clear and mount. 

1355. Double Staining of Bacteria and Mitochondria in Plant 
Tissues, The methods are intended for the root nodules of 
Leguminosse, etc., the leaf tips of Dioscorea and for other tissues 
containing symbiotic or parasitic bacteria. 

Dufrenoy (Stain Tech., iv, 1929, p. 13) gives the following 
schedule : Fix in a mixture of 1 per cent, chromic acid 50 c.c., 
1 per cent, potassium dichromate 50 c.c. and 40 per cent, neutral 
formalin 8 c.c., rinse twenty-four hours in running water, dehy- 
drate, imbed and cut at 4/i. Dissolve the paraffin from the slides, 
dip in a very thin solution of collodion in absolute alcohol and 
ether and run through the alcohols to water. Stain in anilin-acid 
fuchsin and wash in water. Destain in aurantia in 70 per cent, 
alcohol and wash in water. Treat for a few minutes with 1 per 
cent, phosphomolybdenic acid in 0-1 per cent, caustic soda, rinse 
and stain in Unna’s polychrome methylene blue. There results a 
very sharp differentiation of the bacteria which are stained a 
deep violet blue, while the mitochondria and plastids retain the 
red of the acid fuchsin. 

1356. Plastids. Most standard fixatives yield little or no 
information on their structure, though some, especially of the 
Flemming group, are suitable for studies of their form. Zimmer- 
mann recommends a saturated solution of picric acid and corrosive 
sublimate in absolute alcohol. Kbasseb (Bot. Centrbl, lii, 1892, 
p. 4). uses a 1 per cent, alcoholic solution of salicylic aldehyde. 
Zimmermann recommends staining with acid fuchsin (Altmann 
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or other methods), iodine green or ammoniacal or basic fuchsin. 
The latter two stains will not withstand dehydration through 
alcohol and are best examined at once in glycerine. These 
methods also suffice for pyrenoids. Zirkle {Amer, Jour, Bot,^ 
xiii, 1926 , p. 301 ) studied the distribution of pigments in the 
chloroplast by means of monochromatic light of wavelengths 
corresponding to the absorption and bright bands of the several 
pigments. He also employed frozen sections (not below — 4° C.) 
and chloroplasts extruded from the cell into a culture medium of 
lactose, gelatine and glycin. , 

Lowe and Lloyd {Trans, Roy. Soc. Canada, III, xxi, 1928, 
p. 279 ) demonstrated the chloroplast in Hydrodictyon by the use of 
light in the region of the absorption bands of chlorophyll. 

Starch grains and plastids may be permanently doubly stained 
by the use of xylol-soluble nile blue on sections previously stained 
with water soluble methyl violet (Neilson Jones, Ann, Bot, N.S, 
iii, 1939, p. 505). 

It has been demonstrated (Weber, Protoplasma, xxix, 1937, 
p. 426) that the reduction of silver nitrate which occurs in living 
chloroplasts is a cytological demonstration of ascorbic acid 
(vitamin C). Barnett and Bourne {Nature, cxlvii, 1941, p. 542) 
have shown that the specificity is increased by treatment of the 
specimen with 5 per cent, ammonia after the silver nitrate. See 
also Tornutti {Proioplasma, xxxi., 1938, p. 151). 

1357. Pyrenoids show after Flemming and other common 
fixatives. In material fixed in saturated alcoholic HgClg, washed 
thoroughly and stained twenty-four hours in a 0*2 per cent, 
solution of acid fuchsin, the pyrenoids are bright pink and the 
nucleoli unstained. (See also § 1356.) 

1358. Elaioplasts may be fixed like plastids. See Wakker 
{Jahrb. f. Wiss. Bot, xix, 1888, p. 423). Fix in saturated aqueous 
picric acid and stain in an aqueous solution of anilin blue that has 
been turned purple by the cautious addition of alkanin. After 
several hours, the elaioplasts show purple, cytoplasm light blue, 
nuclei dark blue, oil droplets red. The colours last for a long 
time in neutral glycerine jelly. 





CHAPTER XLIX 
MICROCHEMICAL TESTS 

1359. In this chapter are given some tests for microchemical 
substances as applied to plants. Additional information will be 
found in Chapter XXVI and Chapters XXVII and XXVIII. 

INORGANIC 

Studies of the distribution of soluble, diffusible salts are best 
made on sections prepared by a freezing method. See § 1362. 

1360. Sulphur may be found in the free state as globules on or 
in filaments of algae, bacteria and fungi growing in sulphurous 
water. The globules are soluble in CS 2 if the plants are first killed 
by drying or otherwise. See also Klein, Oesterr, Bot Zeits,, Ixvi, 
1927, p. 15. 

1361. Silica is best recognised after incineration of sections, the 
siliceous portions remaining comparatively unaltered. It is 
soluble, in HE. For silica in the cell-wall, Molisch treats sections 
on a slide, coated with varnish or Canada balsam, with aqua regia 
or Sehultze’s reagent, washes with water and then tests withHF. 
See also Brown, Bull. Tm^ey Bot Club, xlvii, 1920, p, 407. 

■ 1362, Potassium. Macallum {Journ: Physiol., xxK . ii , 1905, 
p. 95) uses the hexanitrate of Co and Na, which in the presence 
of sodium acetate gives an immediate precipitate for potassium. 
The precipitate is rendered more visible by ammonium sulphide, 
which makes it densely black. Dowding {Ann. Bot, xxxix, 
1925, p. 459) freezes the material with solid COg at ~ 50° C., cuts 
it frozen and thaws it after it is placed in the reagent. This 
prevents diffusion. Place sections one to two minutes in the 
cobalt reagent, wash twenty to thirty minutes in a succession of 
basins kept over ice-cold water over a freezing bath and mount 
in glycerine and fresh ammonium sulphide. 

According to Molisch (Microchemie der PJianzen, lx, 1921) 
ammonia gives a similar reaction, but its presence in fresh material 
is unlikely. Nessler’s reagent will test its presence. 

Fix in neutral formalin, imbed and section and after washing in 
water, stain in a solution of sodium paradipicrylamine for two 
minutes. Wash three minutes in 10 per cent. HCl, wash ten 
minutes in two changes of distilled water, dry and cover with 
thickened cedar oil. Tissues with potassium stain orange, others 
pale yellow or not at all. 
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1363. Soditim. Steeng {Zeits, Mik., iii, p. 129) recom- 
mends the use of uranyl-magnesium acetate. Sghimpee (Flora, 
1890j p. 207) used uranyi acetate. Molitylin and Tubokaeio 
{Microchem,, vii, 1929, p. 334) use zinc uranyi acetate. 

1364. Calcium in the cell sap may be recognised by the addition 
of ammonium oxalate or ammonium carbonate, forming calcium 
oxalate or carbonate crystals respectively. As the pectate in 
the middle lamella, it is best recognised by the addition of pure 
sulphuric acid ; needle-form crystals appear in a few minutes 
(Molisch) . 

Baecker {Mikrokosmos, Stuttgart, xxiii, 1930, p. 126) fixes 
material in a Ca-free mixture and sections it. If imbedded, care 
must be taken that the reagents are Ca-free. Tests : ( 1 ) Float 

sections in 3 per cent. H 2 SO 4 under a coverslip ; needles of 
GaS 04 form in a few^minutes. ( 2 ) Stain five to ten minutes in 
saturated alcoholic purpurin solution, treat a few minutes in 
0*75 per cent, (physiologic) salt solution, destain in 70 per cent, 
alcohol and mount in balsam. Calcified structures, or (if decal- 
cified) structures formerly containing calcium, are stained an 
intense rose colour. (3) Treat sections half to one hour in 5 per 
cent, aqueous solution of AgNOg in bright light ; wash in 
distilled water and treat one to two minutes with | to 1 per cent, 
aqueous pyrogallol and then fix five minutes in 5 per cent, sodium 
thiosulphate. Calcified areas appear black, 

Arens (Protoplasma, xxxi, 1938, p. 508) claims that living 
leaves placed in 0-5 per cent. Na oleate solution form a precipitate 
of Ca oleate on the surfaces of their cell walls. 

1365. Magnesium. Sckluver (Flora, 1890, p. 214) recommends 
the addition of a solution of sodium phosphate or of micros cosmic 
salt (NaNH 4 HP 04 ) reduced with a little ammonium chloride. 
Rhombic crystals of ammonio-magnesium phosphate (MgNH 4 P 04 ) 
are formed. See also Klein, Oesterr, Bot Zeits., Ixvi, 1927, 
p.l5.- 

Broda (Mikrokosmos, xxxii, 1939, p. 184) has proposed the 
use of lakes formed with dyes : ( 1 ) quinalizarin, 1 part triturated 
with 5 parts sodium acetate ; employed as fresh (not more than 
twenty-four hours old) p-5 per cent, solution in 5 per cent. NaOH. 
( 2 ) Titan yellow as 0*2 per cent, aqueous solution. (3) Azo blue 
as 0*1 per cent, aqueous solution. Place 1 or 2 drops of stain 
reagent on each mounted paraffin section, adding 1 to 2 drops of 
10 per cent. NaOH in the cases of titan yellow and azo blue. 
Cover and examine under comparison microscope, using pure 
magnesium lakes as standards. Quinalizarin lake is blue, titan 
yellow lake is brick red to rose, azo blue lake is violet. Oils 
interfere and should be removed previously with alcohol- ether. 

1366. Iron. See §705.* 

1367. Phosphorus. See Angeli, Bfo. BioZ., x, 1928, p. 702. 
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ORGANIC 

General references, see Chapter XLVI, and Sampson, Bot. 
Gaz,, Ixvi, 1918, p, 32 ; Brunswick, Naturwiss., xi, 1923, p. 881 ; 
McCulloch, Science, Ixxiv, 1931, p. 634 (apparatus for observa- 
tion of a small object while flooded with various solutions) ; 
CzAPECK, Biochemie der Pfianzen, Jena, 1920 ; Molisch, Micro- 
chemie der Pflanzen, Jena, 1913 ; Haas and Hill, Introduction 
to the Chemistry of Plant Products, London, 1928. 

1368. Fats. These are treated fully in Chapter XXVII. 

Fats are ipamiscible with water and have a different refractive 
index ; their microscopic appearance in aqueous mounts is 
therefore characteristic. They are soluble in ether, chloroform, 
benzene, etc. Fats are fairly rapidly turned brown and then 
black by 1 per cent, osmic acid solution, but osmic acid also stains 
proteins brown. Moreover, saturated fats and fatty acids some- 
times do hot reduce osmic acid. They are stained by alkannin, 
Scharlack R (Hill, New Phyt, xi, 1912, p. 72) and Sudan III, 
but these and similar reactions are not specific. Ranvier (Tech. 
Lehrb. Hist, Leipzig, 1888) uses an alcoholic solution of cyanin. 

The differential staining of natural plant oils from petroleum 
spray oils is accomplished (Rohrbaugh, Stain Tech., ix, 1984, 
p. 1) by means of nile blue sulphate and oil red O. Reflux a 
saturated aqueous solution of nile blue sulphate with 0*5 sulphuric 
acid for four to five hours and then make it as nearly alkaline as 
possible without change of colour. Add 1 part to 2 parts of a 
solution of 50 per cent, alcohol and 50 per cent, acetone saturated 
with oil red 0. All to stand over night and filter. Stain several 
hours, rinse in water and mount in glycerine jelly. Petroleum oil 
and oil glands are stained red; plastids and most natural oils 
brown or black. If the section is first treated in KOH or Bouin 
for twenty minutes, only the petroleum oil shows red. See also 
Felber (Stain Tech., xx, 1945, p. 77). 

Zweibaum and Mangenot (C. E. iSoc. Ixxxix, 1923, 

p. 540) find that indophenol blue obtained in nascent state by a 
mixture of a-naphthol and dimethyl-paraphenylene-diamene (the 
‘‘ nadi ” mixture) is a good vital stain for fatty substances. Fats 
stain a deep blue, essential oils a violet-rose, suberin and cutin 
a deep violet and lignin a very pale blue. 

1369. Waxes. See de Bary (Bot. Zeitg., 1871, p. 132). They 
are insoluble in water and melt together into drops in hot water. 
Insoluble or nearly so in cold alcohol, soluble in hot alcohol. 
On heating in a solution of alkannin in 50 per cent, alcohol, they 
run together in red drops. 

1370. Sugars. Molisch (Sitzungsljfr. Akad. Wiss. Wien., 
xciii, 1886, p. 912) finds the two following reactions common to 
many carbohydrates : (1) Add a drop of 15 to 20 per cent, alcoholic 



FAT WAX SUGAR STARCH 


67d 


«-naphthol solution and then 2 to 3 drops concentrated sulphuric 
acid ; a violet colour results. (2) Thymol used in the same way 

gives a carmine-red colour. 

The reduction of copper salts by sugars in the presence of 
excess alkali is generally employed. But this reaction is unsatis- 
factory because of the considerable diffusion that occurs and 
because sucrose, if suspected, must first be hydrolysed by boiling 
with acid. 

The best results have been secured by Mangham {New Phyt, 
X, 1911, p. 160 ; Ann, Bot,, xxix, 1915, p. 369) and others using 
the osazone test first introduced by Senft {Sitz, Akad, Wiss,, 
cxiii, 1904, p. 8 ; Bot CentrbL, 1904, p. 28). It is very delicate, 
giving glucose, for instance, in 0-015 per cent, solution. But it is 
comparatively slow. Two solutions are used : (1) 1 grm. phenyl- 
hydrazine hydrochloride in 10 grm. of glycerine, and (2) 1 grm. 
sodium acetate in 10 grm. glycerine. Aid the solution by heating, 
if necessary, and filter before use. Glycerine is used because it is 
more penetrating than water and also will not evaporate and 
deposit crystals of the substances used. It must be pure, for 
commercial glycerine is often adulterated with sugars. The 
glycerine retards crystal formation, the preparations therefore 
cannot be used for some time. Mix 1 drop of each solution on a 
slide, add a section (which must be at least one cell thick) and a 
coverslip. Heat on a water bath in a water-jacketed oven for 
about half an hour, allow to cool and seal with a mixture of gum 
mastic and paraffin wax ; the osazone crystals will form in varying 
degrees of rapidity. Compare with thepsazones given by solutions 
of known sugars. 

Methylphenylhydrazine gives a crystalline osazone with levu- 
lose but not with dextrose. 

1371. Starch. The most characteristic test is the blue reaction 
with iodine. In the presence of KI or of hydriodic acid the 
colour is more violet-brown. The use of dilute solutions is always 
best, as the grains become almost black in concentrated solutions ; 
further, the lamellae show in dilute solution. Prepare an aqueous 
solution immediately before using by adding a few drops of an 
alcoholic solution to a few cubic centimetres of distilled water. 
Stain starch, in tissues, with 2 per cent, aqueous cotton red and 
counterstain the plastid with methylene blue. 

Free starch grains are best stained with crystal (or gentian) 
violet (Nemec, Ber, Beut, Bot Ge$,, xxiY, 1960, p. 528) ; after 
staining pour off the dye and wash with saturated aqueous picric 
acid. Dry and mount in balsam. Sections can be dehydrated 
and cleared in xylol. Safranin and thionin are also good stains. 
See also Keaemer, Science, Ivii, 1923, p. 175 ; Dodge, Journ, 
Appl. Micros., i, 1898, p. 99. 

Bates {Stain Tech., xvii, 1942, p. 49) smears starch on a slide 

22—3 
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using Szombathy’s gelatine adhesive. It is then treated for ten 
minutes with 8 per cent, formaldehyde and then exposed for 
three minutes to the fumes of commercial formaldehyde. Then 
the material is stained thirty minutes in haematoxylin (79 c.c. 
95 per cent, alcohol, 10 c.c. water; 5 c.c. 2 per cent, haema- 
toxylin in absolute alcohol, 5 c.c. 2 per cent. aq. ferric chloride, 
1*3 c.c. normal HCl). Rinse in tap water ten minutes. Dehydrate, 
clear and mount. Fresh material may be fixed in Craf and 
sectioned. 

Another method uses safranin and fast green. Place in stain 
solution with formalin for twenty-seven hours ; 5 c.c. commercial 
formaldehyde ; 5 c.c. water, 2 c.c. 65 per cent, ethyl alcohol, 
10 mg. safranin 0, 10 mg. fast green FCF, 0*04 c.c. normal HCL 
Rinse in water, dehydrate, clear and mount. 

Thrupp {Ann, Bot, n.s. ii, 1938, p. 959). 

In polarised light starch grains which are doubly refractive 
give a characteristic black cross, the centre of which corresponds 
with the hilum. See Sponsler {Amer, Journ, Bot, ix, 1922, 
p. 471) for method of X-ray study of starch grains. 

Glycogen (see also § 708) occurs in solution in fungal cells. It 
gives with iodine solution (OT grm. iodine, 0*3 grm. KI, 45 c.c. 
water) a red-brown colour which disappears temporarily on 
warming. It can be precipitated in the cell and, in fact, may be 
troublesome in fungi. Treat the material {e,g, fungal hyphse) with 
absolute alcohol or Carnoy for twelve hours, and then with 10 per 
cent, tannic acid for twelve hours. Wash quickly and stain in 
ferric chloride solution ; glycogen stains black. 

For Best’s carmine stain, see § 711. See also Mayer, Zeits, Wiss, 
Mikr, mik, Tech,, xxvi, 1910, p. 513. 

1372. Tannins occur in solution in vacuoles and give a blue- 
black or green colour with neutral solutions of iron salts. Use 
an ether solution of anhydrous ferric, chloride (Moeller, Ber, 
Deut Bot. Ges,, 1888, p. 66) or concentrated aqueous solution of 
ferrous sulphate (Loew and Bokorny, Bot CentrhL, xxxix, 
1889, p. 369). 

They can be precipitated and stained in the living state with * 
aqueous methylene blue (1 : 500,000) (Pfeffer). Fix the stain with 
saturated aqueous picric acid for a few hours, rinse, dehydrate, 
clear in xylol and mount. 

They reduce Fehling’s solution, are- precipitated by basic lead 
acetate and other metallic salts, and give a brownish precipitate 
with strong aqueous potassium bichromate or 1 per cent, chromic 
acid. A red-brown to brown colour is given by a sparing amount 
of a dilute ammoniacal solution of potassium ferricyanide ; excess 
of the reagent destroys the colour. Aqueous iodine-potassium 
iodide solution, mixed with a little 10 per cent, ammonia produces 
a brilliant red colour. 
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Gaediner (Froc. Camh. Phil Soc,, iv, 1883, p. 387) adds a 
solution of ammonium molybdate in a strong solution of ammo- 
nium chloride ; many tannins give a copious yellow precipitate, 
while digallic acid gives a red coloration, destroyed by oxallic 
acid. 

With gallic acid, KGN gives a pink coloration and Nessler’s 
reagent a grey-green precipitate. 

Vinson {Bot Gaz., xlix., 1910, p. 222) fixes and stains tannins 
in situ by precipitation with vapour of amyl or ethyl nitrate. 
Whole organs are exposed to the vapour. A 20 per cent, alcoholic 
solution made by diluting the 90 per cent, commercial nitrous 
ethyl is recommended. Amyl nitrite is disagreeable to use. Sweet 
spirits of nitre . (containing about 4 per cent, ethyl nitrite) require 
a longer exposure. 

1372 his. Rubber is stained crimson (Haasis, and Eng. 
Chem.j AtnaZ. Ed., xvi, 1944, p. 480) with Sudan IV solution 
(O’l gr. dye, 50 c.c. acetone, 50 c.c. 70 per cent, ethyl alcohol) 
the lignified tissues and cork cells bluish green or blue-green. 
Previous stains used are alkanet and Sudan III {Artschwager, 
U.S.D.A. Tech. Bull., No. 842, 1943). 

* Oil blue NA (Calco) colours rubber a bright blue. Various 
methods for its application have been described. Whittenbergee 
{Stain Tech., xix, 1944, p. 93) bleaches sections with Javelle water 
or NaOCl solution and then saponifies them with 9 per cent. KOH 
in 95 per cent, ethyl alcohol. They are then washed with several 
changes of water and finally with 95 per cent, ethyl alcohol. The 
sections are then stained with 0*05 per cent, oil blue NA in 70 per 
cent, ethyl alcohol. Rinse in 50 per cent.* ethyl alcohol, place 
! in 40 per cent, glycerol and mount in glycerine jelly. See also 

Addicott {Stain Tech., xix, 1944, p. 99), and Abbe {Stain Tech., 
xxi, 1946, p. 19). 

1373. Proteins. Iodine gives a yellow to brown coloration, and 
osmic acid a brown coloration. A brick-red colour is obtained 
when they “are warmed in a few drops of Millon’s reagent. This 
reagent is a mixture of mercuric and mercurous nitrates and 
nitrous acid. VisuQGfE. {Arch. Pharmcicie, ccxxviii, 1890, p. 44). 
dissolves 1 part by weight of mercury in 2 parts of nitric acid of 
s.g. 1*42 and then dilutes it with twice its volume of water. 

Xanthoprotectic Reaction. Warm with a few drops of strong 
nitric acid. A yellow colour, changed to orange by moistening 
with strong ammonia results. This is non-specific. 

Biuret Reaction. Add a solution, of copper hydrate in KOH 
solution: or steep twenty to sixty minutes in 0*2 per cent, 
aqueous KOH, wash and place in 10 per cent, copper sulphate 
for thirty to sixty minutes, wash in water and mount in 2 per cent. 

, aqueous KOH. A mauve to violet colour indicates proteins. 
Protein stored in granular form is preserved by ordinary fixatives. 
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Lyons blue gives an intense stain. Aleurone grains are well fixed 
by alcoholic mercuric chloride or picric acid. Stain the ground 
substance with alcoholic eosin ; the globoid and crystalloid will 
show by contrast. 

Some histoehemical methods for the identification of particular 
amino acid constituents of proteins have been developed but 
are tricky to use. See Serea (Stain Tech., xxi, 1946, p. 5). 

1374. Alkaloids. A chocolate brown precipitate is given by 
iodine-potassium iodide ; colourless amorphous precipitates by 
tannic acid, phosphotungstic acid and mercuric iodide in potas- 
sium iodide ; and crystalline precipitates by auric and platinic 
chlorides. 


In exammmg plant tissues for alkaloids, Eerera (Ann Soe. 
beige Mic. Mim., xiii) recommends testing fresh sections with 
alkaloid reagents and also sections that have been soaked with 
5 per cent, alcoholic tartaric acid solution, which is a solvent of 
alMoids. In the latter case, no precipitates should be obtained. 
The final identification of the various alkaloids depends chiefly 
upon the colour reactions, for which see various monographs. 

See also Niethammer, Biochem. Zeits., cexiii, 1929, p. 188. 

CHAm (Bull. d’Histol. Appl., v, 1928, p. 253), studying the 
lormation of alkaloid in Nicotiana seedlings uses a combination 
of the two following methods : (1) Lightly press young radicles 
between covershp and slide and treat with a dilute solution of 
neutoal red. Aleurone grains in process of transformation into 
semi-fluid vacuoles are stained. (2) Use of Bouchardat’s reagent, 
Since aqueous neutral red tends to dissolve the nicotine 

1375. Nucleus (see also § 651). Despite criticism, the use of 
the Feulgen reaction (1386) as a reliable indicator of thymonucleic 
acid IS well established. It may be combined with the use of 
thymonuclease (Mazia, Cold Spring Harbor Symposium, ix 1940 

225, Holmes, iVMclwc 

Uma’s pyromn, methyl green mixture may be used for demon- 
stratmg both thymonucleic acid and ribonucleic acid, the former 
stammg green or blufe-green and the latter red. The Unna stain 
mixture must be freshly prepared, using methyl green forced 
from methyl and crystal violet by shaking with amyl alcohol or 
chloroform. The use of enzymes assists in the identification. 

Dische (Proc. Soc. Exp. Biol, and Med., Iv, 1944, p. 217) has 
introduced a new test based on the reaction of thymonucleic acid 
wi^cysteme in sulphuric acid at 40° C-, a pink or reddish-brown 
pigment being formed. 

1375 Us. Phosphatases. See Ref. to Gomori Method, 8 720 
? *■'3'- The application of Gomori’s method to plant material is 

described by Kugler and Bennett (Stain Tech., xxii, 1947, 
p. 9). ^ ’ 
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1376. Volutisi. Fix with alcohol, formaldehyde or picric acid 
solution. Stain with fuchsin or methyl violet. Eosin and gentian 
violet-iodine (Gram’s method) do not stain volutin. It darkens 
readily with iron-aluni hsematoxylin, buk readily loses the stain 
on differentiation. It is best to stain with carbol-fuchsin and fix 
by treatment with aqueous I-KI solution. 



CHAPTER L 
PLANT CHROMOSOMES 

The past decade has seen a revolution in the technical methods 
used in the study of chromosomes. Section methods have become 
almost obsolete and have been replaced with smear and squash 
techniques that are much more efficient and at the same time 
quicker and less laborious. The change has been accompanied 
and facilitated if not initiated, by the increasing use of acetic- 
stains and of the Feulgen reaction as a stain. These methods 
are extremely flexible and may be combined in a variety of ways ; 
each worker tends to develop his own modifications, rather than 
to follow slavishly those of others. Important recent monographs 
are Darlington and La Cour, The Handling of Chromosomes, 
1942 (Edition II, 1947) ; La Cour, Bot Rev., xiii, 1947, p. 216. 

FIXATIVES. (Ref. also to § 655). 

1377. Flemming-type fluids are most satisfactory for detailed 
studies. Fix root-tips, anthers and ovaries twelve to twenty-four 
hours, smears two to four hours or less. Wash in water, pre- 
ferably tepid. Bleach in hydrogen peroxide in alcoholic solution. 
Use 1 part of hydrogen peroxide with 4 parts 80 per cent, alcohol. 
Gwynne-Vaughan and Barnes {The Fungi, p. 336) use nascent 
chlorine in 60 per cent, alcohol. Place 1 drop of concentrated 
hydrochloric acid on a few crystals of potassium chloride and 
add the alcohol when a green colour indicates the evolution of 
chlorine. Afterwards wash the slides thoroughly in alcohol. 

McClung (^wat Rec., xlv, 1918, p. 265) recommends that 
Flemming fixations should be carried out at 0° C. to keep the 
tissues unchanged until fixed. 

Try medium or strong Flemming solution, Benda with lower 
acetic acid content, or better, one of the following modifications. 
It is frequently desirable to use a higher percentage of osmic acid 
and chromic acid when fixing anthers. 

The principal modifications are : — 

Bonn. 10 per cent, aqueous chromic acid, 0-33 c.c. ; 10 per 
cent, aqueous acetic acid, 3*0 c.c. ; 2 per cent, aqixeous osmic 
acid in 2 per cent, chromic acid, 0*62 c.c. ; water, 6*27 c.c. 

Newton and Darlington’s {Journ, Genet., xxi, 1929, p. 1) 
formula is suitable for smears : 1 per cent, chromic acid, 60 c.c. ; 
2 per cent, osmic acid, 20 c.c. ; 10 per cent, acetic acid, 25 c.c. 

Taylor {Bot. Gaz., Ixxviii, 1924, p. 236) adds maltose according 
to the following formula, to assist spreading of the chromosomes 
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and to prevent clumping: 10 per cent, chromic acid, 0-2 c.c. ; 
10 per cent, acetic acid, 2*0 c.c. ; 2 per cent, osmic acid in 2 per 
cent, chromic acid, 1*5 c.c. ; water, 8*3 c.c. ; maltose, 0*15 grm. 

Catcheside’s (Ann. Bot., xlviii, 1934, p. 601) modification . is 
useful on smears of pollen mother-cells with small chromosomes. 
10 per cent, chromic acid, 3 c.c. ; 10 per cent, acetic acid, 2 c.c. ; 
2 per cent, osmic acid, 1*5 c.c. ; maltose, 0*2 grm. ; water, 10 c.c. 

La Coue’s {Nature^ cxxiv, 1929, p. 127) two formulae give 
chromosomes well spread and constrictions well marked. 2B is 
1 per cent, chromic acid, 90 c.c. ; potassium bichromate, 1 grm. ; 
sodium sulphate, 0*5 grm. ; urea, 1 grm. ; 5 per cent, acetic acid, 
10 c.c. ; 2 per cent, osmic acid, 15 c.c. ; distilled water, 45 c.c. 

La Coue ( J ourn. Roy. Mic. Soc., li, 1931, p. 119) gives two further 
formulae ; 2BE is best for root-tips and smears, 2 BD is useful 
after Carnoy by Eihara’s method. 2BE : 1 per cent, chromic 

acid, 90 c.c. ; potassium bichromate, 1 grm. ; saponine, 0*05 grm. ; 
5 per cent, acetic acid, 10 c.c. ; 2 per cent, osmic acid, 15 c.c. ; 
distilled water, 45 c.c, 2 BD. : 1 per cent, chromic acid, 100 c.c. ; 
1 per cent, potassium bichromate, 100 c.c. ; saponine, 0*1 grm. ; 
5 per cent, acetic acid, 30 c.c. ; 2 per cent, osmic acid, 30 c.c. 

*B6lae’s modified Flemming-Benda (Meth. Wiss. Biol., i, 1929, 
p. 688) is satisfactory with smears : 2 per cent, osmic acid, 4 c.c. ; 
1 per cent, chromic acid, 15 c.c. ; acetic acid, 2 to 3 drops. 

Smith (Journ. Genet, xlix, 1935, p. 119) gives two modifications 
for pollen mother-cells. Si for early prophase and S2 for diakinesis 
and metaphase stages. 



SI 

S2 

1 per cent, chromic acid 

. 100 c.c. 

75 c.c. 

2 per cent, osmic acid 

. 35 c.c. 

25 c.c. 

5 per cent, acetic acid 

. 25 c.c. 

12*5 c.c. 

Potassium bichromate 

0*5 grm. 

1 grm. 

Saponine . 

0*05 grm. 

0*05 grm. 

Distilled water . 

. 50 c.c. 

46 c.c. 


Various substitutes for osmium tetroxide have been employed. 

Caepentee and Nebel (Science, Ixxiv, 1931, p. 154) recommend 
ruthenium tetroxide. Prepare the stock solution by breaking a 
1 grm. ampoule under 100 c.c. of chlorine water. For use, dilute 
about tVenty times with distilled water or a 0*25 to 1 per cent, 
solution of formic or acetic acid. The correct concentration is 
that which gives a medium grey colour when a drop is placed on 
filter paper. 

Catcheside (Genetica, xvii, 1935, p. 313) uses uranium trioxide 
in place of osmium tetroxide in the standard formulae. Material 
then requires bleaching with hydrogen peroxide (1 part to 4 parts 
of 80 per cent, alcohol) or with nascent chlorine. Subsequently 
mordant with 1 per cent, aqueous chromic acid before staining. 
See also Bhaduei and Semmens (Nature, ciAvi, 1940, p. 100). 
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1378. S. Navashin’s {Mem. Soc. Nat Kiev., 1912, p. 28) Fixative 

is a Flemming formula in which the osmic acid is replaced by an 
equal volume of 40 per cent, formalin. He used 15 parts of 1 per 
cent, chromic acid, 4 parts of 40 per cent, formalin and 1 part of 
glacial acetic acid. In a formula now commonly used the chromic 
acid is reduced to 10 parts. . 

The principal modifications are : ^KIaepechenko {Journ. Genet., 
xiv, 1924, p. 887), 1 per cent, chromic acid, 15 parts ; glacial 
acetic acid, 1 part ; 16 per cent, formalin,, 8 parts ; distilled water, 
17 parts. 

Belling’s {The Use of the Microscope, p. 284) : 

Solution A : chromic acid crystals, 5 grm. ; glacial acetic acid, 
50 c.c. ; distilled water, 820 c.c. 

Solution Bl (for prophase stages) : commercial formalin, 
20 c.c. ; distilled water, 175 c.c. 

Solution B2 (for metaphase stages) : commercial formalin, 
100 c.c. ; distilled water, 275 c.c. 

For use, take equal parts of solutions A and either Bl or B2, 
according to the stage of meiosis being fixed ; the stage is pre- 
determined by examination of one anther or part of an anther 
in a drop of iron aceto-carmine. Always use the mixture freshly 
prepared ; it deteriorates rapidly. Fix three hours ; a longer 
period {e.g., twelve hours) is not injurious. Transfer slides to a 
dish containing solution A only for ten minutes ; a longer stay is 
injurious. Remove anther fragments and debris. Rinse in water. 
Pass slides through 15, 30 and 50 per cent, alcohols (five minutes 
each), into 70 per cent, alcohol and leave overnight. 

Weber {Univ. Calif Pub. Bot., xi, 1930, p. 319). 

Mix equal parts of solutions A and B. 

Solution A : glacial acetic acid, 10 c.c. ; chromic acid, 1 grm. ,* 
water, 65 c.c. 

Solution B : formalin, 40 c.c. ; water, 35 c.c. 

Randolph {Stain Tech., x, 1985, p. 95) uses Craf consisting of 
equal parts of solutions A and B : 

Solution A : CrOg (chromic anhydride), 1 grm. ; glacial acetic 
acid, 7 c.c. ; distilled water, 92 c.c. 

Solution B : neutral formalin, 30 c.c. ; distilled water, 70 c.c. 

Fix (root-tips) twelve to twenty-four hours and then. transfer 
direct to several changes of 70 per cent, alcohol, fifteen minutes in 
each. 

Hill and Myers {Stain Tech., xx, 1945, p. 89) fix twenty to 
twenty-four hours in a mixture of equal parts of; Solution A: 
7 c.c. 10 per cent, chromic acid, 15 c.c. propionic acid, 78 c.c. 
water. Solution B : 30 c.c, formalin, 60 c.c. water, 10 c.c. 
95 per cent, ethyl alcohol. 

1379. Dehydrating Fixatives are suitable for rapid methods 
and, with the growth in use of acetic- stains^ (Heitz, McClintock, 
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La Cour) and of Feulgen, now have a great importance. They 
are also used as a pretreatment in conjunction with an aqueous 
fixative following Kihara’s method. Of alcoholic combinations, 
Gapnoy is widely used. Faemeu and Shove {Quar, Journ, Mic. 
5a., xlviii, 1905, p. 559) have given two modifications, a weaker 
solution (6 parts absolute alcohol to 1 part glacial acetic acid) 
and a stronger solution (2 parts absolute alcohol to 1 part glacial 
acetic acid). The most commonly useful mixture is 8 parts 
absolute alcohol to 1 part glacial acetic acid. Fix for twenty-four 
hours. If the material cannot be used at once wash in 95 per 
cent, alcohol and store in 70 per cent, alcohol, preferably in a 
refrigerator, which will delay deterioration of the material. 
Carnoy is 6 parts absolute alcohol, 3 parts chloroform and 1 part 
glacial acetic acid. Bradley’s mixture (personal communication) 
consists of 4 parts chloroform, 3 parts absolute alcohol and 1 part 
glacial acetic acid. Material may be left in the latter fixative 
indefinitely without evident deterioration. 

Law {Stain Tech,, xviii, 1943, p. 117) fixes root tips in boiling 
water. 

1380. Time at which to Fix, Mitosis is a relatively rapid 
process and in root-tips shows a diurnal variation in its frequency. 
However, in general it is unimportant at what time of day root-tips 
are fixed. 

Meiosis is a much more prolonged process. Pachytene lasts 
several days, but the later stages from diakinesis onwards are 
gone through fairly rapidly. In the pollen mother-cells of many 
plants the late prophase and metaphase stages are most fre- 
quently found between 9 a.m. and 2 p.m. They cease earlier in 
warmer weather. * 

‘ 1381. Fixation of Root-tips. Fresh roots are taken from an 
actively growing plant. Collection is easiest from potted plants 
when the roots Have reached the outside of the ball ; such tips 
are usually free from soil particles. To obtain root-tips from 
plants growing in the experimental field it is a good plan to dig 
a hole close beside the plant, fill it with a rich light compost (free 
of weed seeds) and keep the pl^t well watered ; active root-tips 
may be obtained in two or three weeks. The tips should be 
removed about 5 to 6 mm, from the apex with a pair of sharp 
forceps and immediately plunged into a small bottle holding 
about 10 c.c. of the fixative. If an aqueous fixation is used place 
the bottle under a vacuum pump for a few minutes to exhaust the 
air and aid penetration. Large roots should be split longi- 
tudinally. Air roots with a mucous layer and roots with a suberised 
root-cap should have slices shaved off their sides with a safety 
razor blade. 

Various methods have been suggested to assist the counting 
of chroifiosomes and the study of their morphoiogical character- 
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istics. They depend upon pretreatment to inhibit the spindle 
and allow wider spacing of the chromosomes in the cell. Kagawa 
{Ptoc. Imp, Acad. Japan, hi, 1927, p. 304) narcotises root-tips 
in dilute aqueous solution of chloral hydrate or of ether and 
washes in running water, before fixation. The chromosomes 
appbar shorter and thicker, with their constrictions more clearly 
defined. Hill and Myers {Stain Tech., xx, 1945, p. 89) chill 
root tips, attached to the plant (grass tillers) for twenty-four 
hours at 2° C. Warmke {Stain Tech., xxi, 1946, p. 87) has found 
that excised roots may be treated successfully in water at 0° C. 
for one and a half hours before fixation in Benda also chilled to 
zero. O’Mara {Journ. Hered., xxx, 1939, p. 35) i^ecommends 
soaking excised root tips in 0-01 per cent, colchicine for two to 
three hours. Stronger colchicine solutions may be used if neces- 
sary (see 1381 his.). Meyer {Stain. Tech., xx, 1945, p. 121) 
steeps root tips at room temperature in a saturated solution of 
paradichlorobenzene for one to four hours prior to fixation. To 
prepare the solution place 5-10 g. paradichlorobenzene crystals and 
about 500 c.c. dist. water in a stoppered bottle at 60 C. overnight. 

1381 his. Leaf-tips, petals, tendrils or any other rapidly develop- 
ing tissues may be used for squashes. See Baldwin {Science, xc, 
1939, p. 240) and Senn (Current Sci., ix, 1490, p. 369). Meyer 
(Stain Tech., xviii, 1943, p. 53) introduced pretreatment- of leaf 
tips with 0’2 per cent, colchicine for one to two hours. In some 
plants, as in conifers where there is a basal meristem, the leaf 
base provides good ma;terial. 

1382. Fixation of pollen mother-cells may be carried out by an 
aceto-carmine method {q^v.), a smear method {gs.), or fixation of 
anthers or of whole buds. Anthers are dissected out from buds 
and plunged immediately into the fixative, preferably of a 
Flemming type. The Flemming fixatives when used for anthers 
require a higher percentage of acetic and osmic acids than in the 
standard formulae. If the anthers are larger, cut them into small 
pieces with a sharp scalpel under the fixative. With large anthers, 
the ends may be cut off and the contents squeezed out into the 
fixative by means of the fingers. Exhaust all air from the tissues 
with a vacuum pump when aqueous fbcatives are employed. 

In fixing whole buds, strip off bracts and as much of the perianth 
as possible, opening up the structure so that the fixative has 
ready access to 'the anthers. With buds too small to handle 
Kihara (/own. feneL, XX, 1928, p. 105) merely removes the 
bracts and leaves the perianth covering the anthers. The buds are 
then placed in Carnoy for one to two minutes according to their size 
and nature ; the Garnoy is poured off and is replaced immediately 
by Bouin, Navashin or a Flemming fixative. If possible the 
sepals are removed just before washing, to aid infiltration and 
section cutting. 



LEAF^TIPS POLLEN OVARIES 


685 


For division of the generative nucleus in the pollen tubes 
remove them from the style and fix and stain on the slide 
(O’Mara, Bot. Gaz., xciv, 1983 , p. 567 ). 

1382 bis. Pollen tube divisions may be prepared by germinating 
pollen grains on artificial media. See Eigsti {Stain Tech., xii, 
1987, p. 58), Beatty {Stain Tech., xv, 1940, p. 49), Newcomer 
{Stain Tech., xiii, 1938, p. 89), Swanson {Stain Tech., xv, 1940, 
p. 49). The composition of the medium must be adjusted for the 
particular species. Dissolve 0*5 grm. agar and the optimum 
amount of cane sugar in 25 c.c. tap water or a culture solution of 
salts. Heat to boiling and allow to cool to 50° C. Then add 
0*5 grm, powdered gelatine and stir. Keep the mixture warm on 
a hot plate or water bath. Smear a drop with a finger on a warmed 
slide and dust on the pollen. Germinate in a moist chamber 
and fix after an appropriate interval. If it is desired to arrest 
mitosis at metaphase, the germination may be allowed to take 
place in the presence of acenaphthene crystals, or a small amount 
of colchicine (0*05 per cent.) may be introduced into the mixture. 
Only acetic-stain fixatives, or gentle fixatives followed by crystal 
violet staining may be used. La Cour and Faberge {Stain 
Tech., xviii, 1948, p. 196) have introdu(!ed the technique of 
germinating the pollen on a small piece of cellophane, floating 
on a suitable sugar solution. This allows the use of any fixing 
and staining method, including Feulgen. The cellophane should 
be not more than 0*04 mm. thick and of a porous {not waterproof) 
nature. 

T383. Ovaries, for megasporogenesis, should have the ovary 
wall dissected away. Slices may also be cut away from the row 
of ovules to expose the deeper layers of the nucellufe. Cut large 
ovaries into thin slices. Split those with axile placentation longi- 
tudinally and imbed the rows of ovules separately to obtain the 
correct orientation of each row. 

1384. Dehydration and Imbedding. Washing is better done in 
several changes of tepid tap-water than in running water. After 
fixation is complete, pour off the fixing fluid and replace by several 
changes of tap-water. Then stand the material, in tap-water, on 
a piece of cardboard on top of the paraffin oven, or on a hot plate 
at about 30° C. Change the water half-hourly. Washing is 
complete in two to three hours, though flower buds may need 
four to five hours. For dehydration La Cour recommends 
a series from 10 per cent, by 10 per cent, grades to 80 per cent., 
95 per cent, and absolute. It is important that the lower grades 
up to 40 per cent, alcohol should be passed through rapidly. 
Material may be left in 70 per cent, alcohol, though it is better 
to add 50 to 10 per cent* of glycerine if it is to be left for a long 
period. Do not leave longer than twelve hours in absolute alcohol, 
and in the case of larger buds use two or three changes. Chlpro- 
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form is preferable to xylol for clearing and infiltration, as it does 
not harden so much and evaporates more, quickly. The time 
in the oven at a high temperature is thereby shortened. When 
in pure chloroform, add a small piece of wax and place the phial 
on the paraffin oven on a piece of cardboard. Leave here three 
to five days, with the stopper in the phial ; add a small piece of 
wax each day, but never more than will go into solution. Place 
inside the oven for two hours. Pour into an open dish or watch- 
glass and allow the chloroform to evaporate off ; this usually 
requires four to five hours. Then imbed. 

For handling small objects in bulk Coopee and Ris {Stain Tech 
xviii, 1943,p. 175) have suggested the use of cocoons of camponotine 
and ponerine ants, which may be collected and stored in 70 per 
cent, alcohol until required. ‘Randolph {Stain Tech. xy, 1940, 
p. 45) has devised a card mount for handing large numbers of 
root tips or similar organs. The tips are attached to labelled 
temporary cards by means of glue which hardens rapidly in 
aqueous fixatives and is insoluble in the lower alcohols. The' 
tips are fixed and dehydrated to 70 per cent, alcohol and then 
transferred to permanent cards on which they are orientated for 
sectioning using glue which hardens rapidly in 80 per cent, alcohol 
and is insoluble in infiltrating media. 

iV -butyl alcohol can be used on root-tips and buds (Zibkle, 
Science^ Ixxi, p. 103 ; see § 1279) and is advantageous since 
material can be taken up into wax in a shorter time and the 
material is not rendered brittle. In La Cour’s {Journ, Roy Mic, 
Soc,, li, 1931, p. 119) modification material is taken up to pure 
n-butyl alcohol by Zirkle’s method and then placed successively 
for one hour in each of 25, 50, 75 per cent, chloroform in 
n-butyl alcohol,- and then into pure chloroform with wax. 

Bioxan (Mossman, Stain Tech^ xii, 1937, p. 147 ; Johansen, 
Plant Microtechniquey 194f0) Slid tertiary butyl alcohol have also 
found wide favour on account of their rapidity. 

Use a harder wax for cutting in the summer (54° to 56° C. m.p. 
if necessary) and a softer wax for cutting in winter (50° C. mp.. 
is usually satisfactory). Sections should be cut of sufficient 
thickness to preclude a high proportion of cut cells ; 15 to 20 is 
sufficient for most plants, but 30 fx or thicker is required for those 
with long chromosomes. 

i385. Stains. Newton’s Crystal Violet (or Gentian Violet) 
Iodine Method (Newton, Journ. Linn. Soc., Bot., Ixvii, 1927, 
p. 346; Huskins, Journ. Genet, xviii, 1927, p. 315; Newton 
and Darlington, Jowm. Genet, xxi, 1929, p. 1). Bring slides 
down to water and steep in crystal violet solution (1 per cent, 
boiled and filtered) for three to ten minutes according to the age 
of the stain. Rinse in water and mordant thirty to forty-five 
seconds in 80 per cent, alcohol containing 1 per cent, iodine and 
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1 per cent, potassium iodide. Rinse two seconds in 95 per 
cent, alcohol. Rinse two to five seconds in absolute alcohol. 
Differentiate in clove oil ; clear in three changes of xylol, with 
at least fifteen minutes in the last change before mounting in* 
xylol-balsam. 

For material difficult to stain, and after certain fixatives 
(Carnoy,^Bouin) La Cour {Journ, Mic. Soc., li, 1931, p. 119), 
after staining in crystal violet, mordants in iodine solution two 
minutes, rinses two seconds in absolute alcohol, fifteen seconds in 
1 per cent, aqueous solution of chromic acid, five seconds in 
absolute alcohol, a further fifteen seconds in 1 per cent, aqueous 
chromic acid, ten to fifteen seconds in absolute alcohol, differ- 
entiates in clove oil and clears in xylol. See also Hancock {Stain 
Tech., xvii, 1942, p. 79), and Togby {Stain Tech., xvii, 1942, 
p. 171). 

After Carnoy fixation, Clausen (.4n'n. BoL, xliii, 1929, p. 741) 
mordants slides one to two hours in 1 per cent, aqueous chromic 
acid and then washes thirty minutes or more in water before 
staining with crystal violet-iodine. 

When crystal violet is used as a somatic chromosome stain, 
Johansen {Stain Tech., vii, 1932, p. 17) adds 9-5 per cent, of 
picric acid crystals to the dehydrating alcohols. A much better 
differentiation completed in clove oil is possible. 

Smith {Stain Tech., ix, 1934, p. 95) mordants ten to twenty 
minutes in iodine solution, rinses in water, stains in crystal violet 
five to twenty minutes and rinses in water. He then rinses in a 
second iodine solution, then in 95 per cent, alcohol and floods 
the slide quickly with a saturated solution of picric acid in absolute 
alcohol, followed by immediate washing with absolute alcohol for 
a few seconds. Finally, differentiate in clove oil and soak at 
least ten minutes in xylol. The chromosomes are richly stained 
by this method and are less transparent than when stained by 
the ordinary method. The cytoplasm is a very transparent 
yellow.. 

Semmens {Stain Tech., xvii, 1942, p. 147) hydrolyses material 
at 60° C. for twenty to thirty minutes in N.HCl, then cooling 
rapidly and rinsing in water. Stain one hour or more in 1 per 
cent, aqueous crystal violet, rinse in water and pass rapidly 
through 75 per cent, alcohol, 90 per cent, alcohol and absolute 
alcohols into xylol. By this means differentiation is practically 
avoided. 

1385 bis. Hsematoxylin has been used very little in recent years. 
If an intense black stain is desired use cblorazol black E (Cannon, 
Nature, cxxxix, 1939, p. 549 ; Conn, Stain Tech., xviii, 1943, 
p. 189) as a 1 per cent, aqueous solution. Stain about one to two 
hours, wash in water, dehydrate, clear and mount. Little or no 
differentiation is required. 
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1386. The Feulgen Reaction is now widely used and is very 
adaptable as a stain. The colour is violet after alcoholic fixatives, 
reddish violet after chromic fixatives. It may be uspd with 
sections, smears or squashes. In the last instance, the material 
may be stained in bulk before the squash is prepared or a squash 
alread}!^ prepared in acetic stain may be Feulgen stained. The 
general method is to bring the material to distilled water after 
fixation, washing and any bleaching that may be necessary, 
then transfer the material to cold N.HCl for two to five minutes, 
thence to N.HCl at 60° C. for a specified time, namely 6 (range 
4-8) mirrutes if an alcoholic fixative (acetic alcohol, Carnoy) 
has been used or ten to twelve (or even thirty) minutes if an 
aqueous fixative containing chromic acid (Flemming, 2BE, 
Navashin) has been used. After hydrolysis, return to cold N.HCl 
for a minute and then stain in leuco-basic fuchsin for two to five 
hours. Next bleach in SOg water, using three changes of ten 
minutes duration each. Rinse in water. Sections, smears and 
prepared ^gnashes should now be dehydrated rapidly and mounted 
in euparai or diaphane, or cleared in xylol and mounted in balsam. 
Bulk material, after rinsing in water, is transferred to 45 per 
cent, acetic acid, teased and squashed (see 1390 his ) ; the slide 
and cover is then separated in 10 per cent, acid or 40 per cent, 
alcohol or 95 per cent, alcohol, dehydrated and recombined with 
euparai or diaphane. 

The best leuco-basic fuchsin solution is prepared by Coleman’s 
method {Stain Tech,^ xiii, 1938, p. 123). Dissolve 1 grm. basic 
fuchsin by pouring 200 c.c. boiling distilled water over it. Shake 
well and cool to 50° C. Filter and add 30 c.c. N.HCl and 30 grm. 
potassium metabisulphite (K2S2P5) to filtrate. Allow the solution 
to bleach for twenty-four hours or more in a tight stoppered 
bottle in the dark. Then add 0*5 grm. decolorising vegetable 
carbon (Norit) or animal charcoal, shake well for a minute and 
then filter rapidly through coarse filter paper. Store in a tightly 
stoppered bottle in the dark. 

The SO2 water consists of 5 c.c. N.HCl, 5 c.c. 10 per cent, 
potassium metabisulphite and 100 c.c. water. It should be 
freshly prepared or kept in tightly stoppered vessels. 

Failures may be due to (1) over hydrolysis, (2) interference 
from osmium not reduced by bleaching, (3) interference from 
formalin (in Navashin type fixatives) not washed out completely, 
(4) poor sample of basic fuchsin, (5) deteriorated stain, shown 
by the solution appearing faintly pink instead of water white. 

1387. Belling’s Iron Aceto-carmine Method {Amer. Nat, Iv, 
1921, p. 573). Belling describes three procedures : (1) Heat 
45 per cent, glacial acetic acid to boiling with excess powdered 
carmine, cool and filter ; 1 grm. of carmine to 100 to 200 c.c. of 
45 per cent, acetic acid is suflicient. Do not boil more than half 
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a minute. Tease out anthers in a drop of the aceto-carmine solu- 
tion with steel blades or needles until the colour changes toward 
a bluish-red. Remove anther debris, cover with a large thin 
coverslip, using a minimum of liquid. Seal the edges with 
vaseline. The slide may improve in a day or two if no excess of 
iron is present. (2) Add a trace of ferric hydroxide dissolved in 
45 per cent, acetic acid until the liquid turns bluish-red, but there 
is no visible precipitate. Add an equal amount of ordinary 
aceto- carmine. Tease anthers with nickel instruments. If the 
stain is too dark, add more aceto-carmine. The liquid may b6 
diluted with 45 per cent, acetic acid, never with water. Where 
the stain is too heavy, McClintock (Genetics, xiv, 1929, p. 180) 
extracts with dilute acetic acid, warming the whole slide gently 
to hasten the action. (3) Anthers at the right stages are put into 
a mixture of 1 part of glacial acetic acid to 9 parts absolute 
alcohol, to which sufficient ferric hydroxide in 45 per cent, acetic 
acid has been added to colour the liquid brown. After some days 
or even weeks, the anthers are teased in ordinary aceto-carmine 
avoiding the use of steel instruments. 

Belling (Amer, Nat, Ivii, 1923, p. 92) found advantages in 
using a water immersed aplanatic condenser with a water immer- 
sion objective. Approximately monochromatic.yellow-green light, 
obtained with a colour filter (Wratten 57a or 58, or green B) is 
useful. 

Belling later (Biol. Bull. Marine Biol. Lab., 1, 1926, p. 160) 
recommends a solution of dammar in xylol or melted soft paraffin 
wax as a seal for the edge. Chloral hydrate, followed by mounting 
in glycerine, may be used for clearing pollen grains.^ 

Tanaka X, 1940, p, 348,) seals coverslip in p'lace 

with “ valap,” a mixture of 2 parts vaseline, 2 parts lanolin and 
1 part paraffin ; it is melted and applied with a glass rod. The 
seal may be removed with chloroform. 

A convenient method is to use one of Zirkle’s water-soluble 
media (Stain Tech., xv, 1940, p. 139 ; see 1389 bis). Speese {Science, 
cii, 1945, p. 256) uses a modified Zirkle solution, omitting carmine, 
for mounting carmine and Feulgen Preparations : 80 c.c. 45 per 
cent, acetic acid, 10 c.c. Karo corn syrup (dextrose) and 10 c.c. 
Certo (pectin). Where permanent slides are required, the medium 
will dissolve in any of the acetic mixtures employed to separate 
slide and cover slip (§ 1389). 

The best seal is prepared by heating together equal parts by 
weight of paraffin and gum mastic* Apply with a hot wire. 

The pollen mother-cells fixed and stained in iron aceto-carmine 
pass through three stages of hardening. At first the cytoplasm 
is more or less liquid, then it becomes a more or less stiff jelly 
and finally (after some weeks) more and more brittle ; the chromo- 
somes are always harder than the cytoplasm. If the cells in the 
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second stage (reached in one to two days) are subjected to gradual 
pressure, the ceil contents may be squeezed flat within or without 
the cell-wall. Slides keep better stored in the dark. 

McClintock \Proc. Nat Acad, Set, xvi, 1930, p. 791) studying 
the mid-prophase stages (pachytene) in pollen mother-cells of 
Zea Mays, recommends that the slides be gently heated after the 
coverslip has been applied. The pollen mother-cells flatten, the 
nuclear membrane disappears and the long thread-like para- 
synapsed chromosomes are mostly spread out in a horizontal 
plane. 

By smearing a single anther, immediately flooding with Belling’s 
aceto-carmine and heating over a spirit flame for a second, the 
slide is ready for immediate examination to determine the stage of 
meiosis. Thereafter the rest of the anthers can be rejected or used 
for further treatment by this or any other method. The worker is 
thereby saved endless labour, since only material at the correct 
(or approximately correct) stage is subjected to lengthy techniques. 
See also Belling, The Use of the Microscope; Belling, Journ. 
Boy, Mik. Soc,, 1925, p. 445; Johnson, Canad, Journ, Res, 
Sec, €,, xxiii, 1945, p. 127; Hillaky, Bot Gaz,, ci, 1939, 
p. 276; WmTAKEn , Stain, Tech,, xiv, 1939, p. 13; Moree, 
Stain, Tech,, xix, 1944, p. 103, on control of ferric ion con- 
centration ; Luther Smith, Stain, Tech,, xxii, 1947, p. 17. 

1387 his. Modifications of Acetic-stain Methods for Different 
Material, Material with small chromosomes, of which sharp 
staining is hard to attain, may be mordanted or pretreated by 
one of the following methods. Brown (^'tom Tech,, xii, 1937, 
p. 137) fixes root tips in Carnoy and macerates them for ten 
minutes in a mixture of 1 part cone. HCl and 1 part 95 per cent, 
alcohol, to which has been added just before use an equal amount 
of a 4 per cent. aq. solution of iron ammonium sulphate. There- 
after squash and stain in acetic-carmine. Thomas {Stain Tech,, 
XV, 1940, p. 167) uses iron* and carmine in the fixative. Boil 
glacial acetic acid with excess carmine and filter after cooling. 
Add a sat, solution of ferric acetate, in glacial acetic acid, drop by 
drop until the solution is a deep red, without showing any pre- 
cipitation. Use this solution in place of plain acetic acid in making 
acetic alcohol fixatives. Smear, or squash, and stain with acetic 
carmine in the usual way. * 

Nebel {Stain Tech,, JiY , 1940, p. 69) stains fixed and washed 
material with 1 per cent, chlorazol black E in 70 per cent, alcohol 
for five to twenty-five minutes. He then rinses in 70 per cent, 
alcohol and stains with acetoearmine. 

1388. La Cour {Stain Tech,, xvi, 1941, p. 169) introduced the 
use of stains other than carmine in acetic-stain combinations. 
These are sometimes superior* Orcein 1 per cent, in 45 per cent, 
acetic acid is a good standard mixture. No iron mordant should be 
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used with it. With some materials a 2 per cent, stain is better 
and the acetic acid concentration may be increased to 70 per cent, 
with advantage. The acetic acid may be replaced by propionic 
acid or by an acetic acid-lactic acid mixture ; preparations 
using the latter will keep seven to fourteen days without ringing. 

A 1 per cent, solution of lacmoid (resorcin blue) in 45 per 
cent, acetic acid is also good ; however the stain deteriorates in 
the dilute acid and is best kept as a 2*2 per cent, stock solution 
in glacial acetic acid, being diluted to 45 per cent, acetic acid for 
use (Daelington and La Coue, 1942, “ The Handling of Chromo- 
somes ”). Do not mount lacmoid preparations in neutral balsam, ^ 
since in this the colour alters to an unsatisfactory blue. 

1389. Permanent Acetic-Stain Preparations may be mounted in 
Canada Balsam from xylol or in media such as euparal or diaphane 
from alcohol. The latter are to be preferred, as mounting from 
alcohol avoids the precipitation of the stain which may occur with 
alcohol-xylol mixtures. 

McClintock (Stain Tech., iv, p. 53) prepares acetocarmine 
squashes and then places the slide face down in a Petri dish 
filled with 10 per cent, acetic acid, supporting the slide on glass 
rods or on a ridged dish. When the cover-glass has dropped 
away from the slide remove it and place both it and the slide 
in a Coplin jar containing equal parts of alcohol and acetic acid. 
Some pollen mother-cells stick to the slide and some to the 
cover. Run both coverslip and slide through the following 
solutions : 1 part acetic acid to 3 parts of absolute alcohol, 

1 part acetic acid to 9 parts absolute alcohol, absolute alcohol, 
equal parts absolute alcohol and xylol and finally into xylol. 
Recombine coverslip and slide in xylol balsam directly from the 
xylol. 

Buck (Science, Ixxxi, 1935, p. 75) makes aceto-carmine prepara- 
tions permanent by placing the slides face down for five to thirty 
minutes in a mixture of equal parts xylol, absolute alcohol and 
glacial acetic acid. Remove coverslip and rinse in the same 
solutions for five minutes ; drain and wipe clean. Pass through 
two changes of xylol, absolute alcohol (1 : 1), five to ten minutes 
each and then xylol ten to fifteen minutes. 

Entirely satisfactory mounts may be obtained by immersing 
the preparation in 95 per cent, alcohol until the cover separates 
from the slide. The two are then recombined as rapidly as 
possible with a small drop of euparal. In humid atmospheres 
mount from absolute alcohol. A refinement in which the replace-* 
ment of the acetic acid by alcohol is carried out in a saturated 
alcohol vapour seems to yield no better preparations. McClintock’s 
method (above) may be followed as far as the absolute alcohol 
stage and the mount then completed with eupara^ or with 
diaphane (Tobgy, Stain Tech., xvii, 1942, p. 171), 
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Hillaey {Stain Tech., 1938, p. 161; xiv, 1939 , p. 97 ) 
dehydrates with dioxan (three changes) after separating cover 
and slide in 50 per cent, acetic acid and mounts in dioxan-balsam. 

1389 bis. ZiEKLE {Science, Ixxx, 1937, p., 528 ; Stain. Tech., 
XV, 1940, p. 139) has introduced a number of ingenious 
methods which combine aceto-carmine staining with a mixture 
that wiihdry out and set hard. He has experimented with Venetian 
turpentine, Canada balsam and sandarac, and with sugars, 
pectin, gum arabic, gelatine, dextrin, etc., in various combinations. 
The methods ajt^e rapid in practice but not always satisfactory 
optically. 

(1) 10 grm. gelatine dissolved in 60 c.c. water ; add 10 c.c. 
sorbitol, 50 c.c. acetic acid and 0-5 grm. ferric nitrate 
(Fe(N0g)3.9H20) and carmine to saturation. Bring to the boil, 
but do not filter. In place of the sorbitol, 10 grm. sucrose may 
be used. 

(2) 10 grm. dextrin (c.p. and free from starch), 10 c.c. sorbitol, 
50 c.c. acetic acid, 60 c.c. water, 0-5 grm. ferric nitrate 
(Fe(NO3)3.9H20), carmine to saturation (about 0*5 g.). 

(3) Dissolve 10 grm. gelatine in 55 c.c. water, add 45 c.c. glacial 
acetic acid and carmine to saturation, boil thirty seconds and 
filter. 

(4) 10 grm. gum arabic, 10 c.c. sorbitol, 41 c.c. formic acid 
(87 per cent.), 65 c.c. water, 0*5 grni. ferric nitrate, carmine to 
saturation. , 

(5) 10 c.c. Certo (pectin), 10 c.c. Karo (dextrose), 5 c.c. sorbitol, 
55 c.c. acetic acid, 55 c.c. water, 0*5 g. ferric nitrate, carmine to 
saturation ; filter and remove excess carmine before pectin is 
added. 

(6) Mix 20 c.c. Venetian turpentine with 35 c.c. propionic acid, 
add 55 c.c. phenol (as loose crystals or 88 per cent, fluid), then 
10 or 15 c.c. acetic acid, then 25 c.c. water, then 0-5 grm. 
ferric nitrate, and lastly carmine to saturation. It is sometimes 
necessary to add 5 drops ethylene-diamine. Filter after twelve 
hours. Do not heat the mixture at any time and do not allow 
it to come into contact with the skin. See Wilson, Stain Tech., 

’ XX, 1945, p. 133 for a modification. 

1390. Heitz’s Koch Methode {Zeits. Bot., xviii, 1926, p. 635) is 
a method for rapid counting of chromosomes. Fix anthers or 
ovaries in hot Carnoy (Farmer’s formula ; 1 part of acetic acid 
to 2 parts of absolute alcohol) followed by aceto-carmine (45 per 
' cent, acetic acid boiled with carmine, cooled and filtered). Subse- 
quently the material is teased apart with needles and left some 
hours for the stain contrast between chromosomes and cytoplasm 
to intensify. Slides may be dehydrated after staining and 
mounted in balsam. 

This boiling method of staining is adaptable to other acetic 
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stains. It has the advantage of macerating the tissues, so that 
teasing and squashing are possible. 

1390 bis. Squashes embody various methods by which the 
cells constituting a tissue (root tips, ovary, anther, etc.) are 
separated from one another by maceration and then flattened 
out on a slide by considerable pressure. The methods involve 
the use of a solvent of the pectic materials of the middle lamella 
between the cells or of a solvent of the cellulose of the cell walls. 
Solution of the middle lamella may be attained by heating the 
tissue to boiling in acetic stains (Heitz, § 1390), steeping five to 
ten minutes in a mixture of 1 part 95 per cent, alcohol and 1 part 
concentrated HCl followed by rehardening in Carnoy for five 
or more minutes (Warmke, Stain Tech., 1935, p. 101) or by 
gentle heating in acetic lacmoid to which a drop or two of N.HCi 
is added (Darlington and La Cour, 1 . c.). The standard Feulgen 
hydrolysis in N.HCI at 60® C. results in solution of the middle 
lamella. Hillary {Stain Tech., xiii, 1938, p. 161, 167 ; Bot Gaz., 
cii, 1940, p. 225) uses 4 per cent. NH4 OH at 60® C, for fifteen 
minutes, followed by thorough washing in running water. Various 
enzyme preparations may be used. Faberge {Stain Tech., xx, 
1945, p. 1) uses the mixture of cytase and other enzymes in the 
stomach fluid of Helix pomatia ; this yields 1-1| c.c. per stomach 
and, with a drop of toluene added, will keep at least two months 
at room temperature. Stuart and Emsweller {Science, xcYiii, 
1943, p. 569) and Emsweller {Stain Tech., ix, 1944, p. 109) 
describe the use of Clarase ; a 1 per cent, solution is used on fixed 
material for fifteen to twenty minutes. McKay and Clark 
{Stain Tech., xxi, 1946, p. Ill) use a 1 per cent, solution of 
Pectinol, obtained from Aspergillus. Clarase and Pectinol appear 
also to soften the cytoplasm and so allow better spreading of the 
chromosomes on squashing. 

After treatment to dissolve the pectic material between the 
cells, the material is teased in a drop of fluid (45 per cent, acetic 
acid after Feulgen ; acetic stain if carmine, orcein, lacmoid or 
similar stain is used). A cover slip is added and the preparation 
just warmed, to about 50® C. Then with the slide flat on the 
bench and holding the cover slip stationary with finger and. thumb 
of the left hand, the cover slip is tapped gently with a needle 
point held vertically down. Alternate warming and tapping is 
continued until all the cells are spread apart from one another. 
Then, after the slide is once again warmed, it is folded between 
absorbent paper and pressed very strongly between the ball of 
the thumb and the bench. If flattening is insufficient, more 
fluid can be run under the cover slip and the warming and pressing 
repeated until the preparation is satisfactory. Some workers use 
the blunt ends of pencils or rubber rollers for squashing, but the 
thumb or fingers seem to be more ej[ficient. 
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Some kinds of cells, notably pollen mother cells and pollen 
grains, do not require any special treatment before squashing, 
apart from the careful removal of anther wall debris and the 
spreading of the cells thinly in the preparation. Simply treat 
them according to the instructions in the last paragraph. Some- 
times a combined section-smear technique (Bxjerell, Stain Tech., 
xiv, 1989, p. 147; Warmke, Stain Tech., xvi, 1941, p. 9) is 
useful. 

It is advantageous in making Feulgen squashes to limit the period 
of fixation to a few hours. Storage of the material for any length 
of time renders it tougher and less easy to squash. Where material 
must be left for a day or two before staining, hardening by formalin 
or osmic acid in chromic type fixatives may be minimised by 
adding extra 1 per cent, chromic acid to the vial containing the 
fixed material. 

1391. Smears of plant material were first made by Taylor 
{Bot. Gaz., Ixxviii, 1924, p. 236) who used Flemming (Taylor’s 
modification) followed by Heidenhain’s haematoxylin. The 
method is adaptable to any mass of cells, e.g. pollen mother cells 
and pollefi grains which will separate easily from one another 
and from any enclosing wall tissue on being spread out mechanic- 
ally by crushing. 

Crush anthers on clean slides with a clean flat-honed scalpel, and 
spread their contents over the centre of the slide with one or a 
few quick strokes. Immediately invert the slide in the fixing 
fluid, bringing it down in a horizontal position, so that the whole 
smear face is wet simultaneously. The time from first crushing 
to the fixing must not exceed three to five seconds. If the slide 
is brought down obliquely, much of the material washes off. 
Fix in a Petri dish with two thin glass rods in the bottom, sufficient 
liquid being used just to cover the rod. Square porcelain dishes 
{H X in.), with two small ridges near opposite ends are better. 
After fixation, wash in water and remove the larger pieces of 
anth^ walls and other debris. 

If a fixative containing osmic acid has been used, grade the 
slide to 70 per cent, alcohol and bleach in alcoholic hydrogen 
peroxide (§ 1377). 

The fixatives that may be employed are Flemming, Benda, 
La Cour 2 BE and 2 BD, NavasKin, Belling, acetic alcohol, Carnoy, 
45 per cent, acetic acid and acetic-stain mixtures. Staining 
may be effected by crystal violet-iodine, Feulgen, acetic-stains 
or by Heidenhain’s hsematoxylin or Belling’s Iron-Brazilin 
Method ; the last two stains are now used very little. 

1392. Belling’s Iron-Brazilin Method {Univ. Calif. Pub. 
Botany, xiv, 1928, p. 293 ; The Use of the Microscope, p. 243). 
Fix smears in Belling’s modified Navashin, grade into 70 per 
cent, alcohol and leave overnight. Mordant twenty-four hours 
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in 1 per cent, ferric ammonia alum in 70 per c.ent, alcohol. Wash 
briefly in 70 per cent, alcohol and soak fifteen minutes to three 
hours in 70 per cent, alcohol ; the shorter the time the more 
deeply the metaphase and cytoplasm stain. Stain two to twenty- 
four hours in a solution of 0-5 grm. brazilin in 100 c.c. of 70 per 
cent, alcohol. When using freshly made brazilin solutions, add 

1 to 2 drops of 1 per cent, iron-alum solution per 50 c.c. Wash 
briefly in 70 per cent, alcohol, and differentiate in iron alum in 
70 per cent, alcohol for one minute to three hours or more. 
Pachytene and chromomeres need only slight differentiation as 
only two to three hours’ staining is necessary for them. Stain 
metaphases for a longer time ; they then need longer differentia- 
tion, of one or more hours, especially if the chromosomes are 
small. Next wash slides in 70 per cent, alcohol and transfer to 
95 per cent, alcohol. Pass successively through absolute alcohol, 
equal parts of absolute and thin cedar oil, equal parts of xylol and 
thin cedar oil into xylol. Mount in immersion cedar oil. Chromo- 
meres and chromosomes should be brown to black, cytoplasm 
pink or colourless and cell-walls unstained. Use green Wratten 
filters to heighten the contrast, visi., 57A or 64 (blue-green) or a 
combination of 56 and 64. The brazilin can be replaced by 
haematoxylin dissolved to 0*5 per cent, in 70 per cent, alcohol ; 
a longer differentiation is needed and the cytoplasm is not so 
clear. 

1393. Internal (Spiral) Structure of Chromosomes at metaphase 
and anaphase is frequently visible in well-fixed smears of pollen 
mother-cells from plants with large chromosomes . Fixation with 

2 BB (La Gouf) and S2 (Smith) is particularly good. 

To reduce the chance of bubble artefacts, the proportion of 
acetic acid may be reduced with 'advantage. Spirals are seen 
particularly well in pollen mother-cells that have been slightly 
pressed prior to fixation. SakamurA {Bot Mag,, Tokyo, Ixi, 1927, 
p. 59) fixes in hot water. 

Kuwaba and Sakamuba [Cytologiay y, 1934, p. 244) squeeze 
pollen mother-cells of Tradescantia out into a drop of 3 per cent, 
cane sugar on a coverSlip. The coverslip is exposed for a few 
seconds, material downwards, on a cell containing a small piece 
of cotton- wool soaked in ammonia and then fixed and stained 
with iron aceto-carmine. The spirals are spread out, or even 
unravelled by prolonged treatment. La Covn (Stain Tech.^ 
X, 1935, p. 57) makes smears on slides and carefully wets them by 
putting them face downwards horizontally on to 3 per cent, 
cane-sugar solution. The slides must also be removed horizontally 
or much material washes off. The slides are then exposed to 
ammonia vapour or the vapour of acetic acid or of mineral acids 
(nitric or hydrochloric) for a few seconds. He then fixes the 
smears in a Flemming fluid (medium Flemming slightly better 
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than Navashin or 2BE) and stains by the violet-iodine method. 
Permament smears showing spiral structure are thus obtainable. 

Other methods of pretreatment employ ammonia in alcohol, 
acid ' fumes j slight desiccation (Nebel, Zeits. Zeelf, mik. Anat^ 
xvi, 1932, p. 251) NaCN, NaHCOa, NaOH and other weak alkaline 
salts in aqueous solution (Coleman, Amer. Journ, Bot,, xxvii, 

1940, p. 683 ; Coleman and Hillaey, Amer. Journ. Bot., xxviii, 

1941, p. 464 ; Kuwada, Zeit. Wiss. Mic., Iv, 1938, p. 8). 

The ammonia vapour and the alkaline salt solutions may be 
* applied to pollen grains (and possibly roots) with some hope of 
success. After pfetreatment, fixation must be extremely rapid. 
Coleman and Hillary recornmend fixation in acetic alcohol (1:2 
mixture). Not infrequently spiral structure is shown in acetic 
stain squashes of pollen mother cells. 

1393 bis. Heterochromatin appears in resting stage nuclei as 
dense stainable masses. When present, it may often be disclosed 
in metaphase chromosomes also by keeping the tissues at a 
low temperature between and 6° C. for a few days (Darlington 
and La Covr^ Journ. Genet., xl, 1941, p. 185). With root tips a 
three or four day treatment is best, pollen mother cells may need 
a longer time (but the low temperature reduces chiasma fre- 
quency) and with pollen grains may be very lengthy where 
the resting stage is prolonged. 


CHAPTER LI 

SPECIAL TECHNIQUES FOR CLASSES OF PLANTS 
ALG^ 

See also Protozoa. Chapters XXIX and XLIV. 

1394. CollectiQn of fresh-water forms should be made into 
small wide-mouthed tubes or bottles. Three-quarters fill the tube 
with water and put only a little in the alga in the tube. 

Wettstein (Oesterr. Bot Zeits,, Ixx, 1921, p. 23) collects into a 
culture medium. He describes two, one of mineral nutrients alone, 
the “Other having a peat decoction in addition. Agar, not over 
1 per cent., is added so that the medium does not solidify. Take 
the medium into the field in bottles and place in it the material 
collected. Later pour the jelly into plates. The algae develop into 
colonies, which can be transferred to other plates. It is often 
difficult to separate them from bacteria, but for most purposes 
this is unnecessary. 

For methods of collection of plankton, see West and West, 
Proc. Roy. Soc. B., Ixxxi, 1909, p. 165 ; Scoueeield, Journ, 
Queckett Mic, Club, xi, 1912, p. 2|!3. 

1395. Culture. Whenever possible algae should be kept alive 
and examined in the living state. 

Kufferath {Rev, Algol,, iv, 1929, p. 127) has a general treatise 
on the culture of algae, citing and describing the methods of various 
authors, including formulae and isolation technique. 

Klebs {Die Bedingungen der Fortpflanzung bei einigen Algen u, 
Pilzen, Jena, 1896, p. 8) used Khop’s nutrient solution (4 parts 
calcium nitrate and 1 part each of magnesium sulphate, potas- 
sium nitrate and potassium phosphate, used in a dilution of 0-2 to 
0*5 per cent.) for fresh-water forms. Bristol {Ann, Bot,, xxxiv, 
1920, p, 35) used 1 grm. potassium dihydrogen phosphate, 1 grm. 
sodium nitrate, 0-3 grm. magnesium sulphate, OT grm. calcium 
chloride, 0*1 grm. sodium chloride, a trace of iron chloride, 1,000 
c.c. distilled water. Generally a suitable formula must be de^sed 
for each alga jpy a trial. 

1396. Pure cultures are frequently essential, especially for the 
simple unicellular and colonial forms. Numerous methods have 
been devised. Due regard must be paid to the sterilisation of all 
vessels, media, etc,, but it is usually difficult to obtain such 
cultures free from admixtures of bacteria, 

Peingsheim (‘‘Pure Cultures of Alg^,” Cambridge, 1946) 
has provided a monograph on pure culture methods. 
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Reference should be made to the work of Klebs and others for 
methods of inducing the reproductive phases. 

1397. Fixation. Most are adapted to methods applicable to 
filamentous specimens. Imbedding should be by very gradual 
stages. SiMONDS (Stain Tech., xiv, 1939, p. 101) gives a schedule 
for dioxan dehydration for imbedding Fucus. 

Mats of filaments, crusts of filamentous and unicellular types 
on sticks and stones, and epiphytes and endophytes should be fixed 
and stained undisturbed. Tease, scrape from the substratum and 
dissociate as necessary just before mounting. 

Shrinkage of the protoplast in filamentous forms is most 
troublesome. To eliminate, vary the amounts of the various 
constituents of the fixative, increasing the acetic acid until 
shrinkage is overcome. Handle unicellular and other small forms 
by sedimentation methods. Or, place a drop of suspension on an 
albumened slide, -fix with the vapour of osmic acid for a few seconds 
to one minute. Dry the drop and stain. If the specimens are 
rare, pick them out with a fine pipette. Chambehlain (1932, 
p. 228) handles small amounts of planktonic forms rolled up in a 
tube made of a strip of epidermis from an inner scale of an onion ; 
the ends of the tube are tied. Cut off the ends when ready to 
mount. Material can be imbedded and sectioned in this way. 
See also Congee, Journ. Roy. Mic. Soc., 1925, p. 48. 

Bold (Bull. Torrey. Bot. Club, lx, 1933, p. 241) fixes Protosiphon 
(coenocytic), grown on agar, in situ, by placing drops of fixative 
on the plants with a pipette. Then pour melted agar, near the 
point of gelation over the fixed plants. When the agar has set, 
cut out blocks containing the alga and imbed in paraflSn. 

’ Handle massive forms (Siphonocladiales, etc.) like soft tissues 
of higher plants. Decalcify if calcareous. 

Fix in 4 per cent, formalin, chromo-acetic, Bouin or formalin- 
acetic-alcohol for habit and grosser cell structure. G. H. C. 
(Turtox News, iii, p. 45) recommends Rawlin’s formol-acetic- 
alcohol (see Rawlins, p. 14), in which Cladophora alone sometimes 
show plasmolysis. Evan’s, Keefe’s or Wood’s (Science, Ixx, 
1929, p. 637) fluids will preserve green algse in their natural colour. 
West (ex Nieuwland, Bot. Gaz., xlvii, 1909, p. 237) fixes pre- 
serves and mounts in a 2 per cent, solution of potassium acetate, 
just made blue with a small amount of copper acetate ; for 
mounting, Nieuwland adds an equal volume of 10 per cent, 
glycerine and allows it to concentrate. 

Flemming type fluids are best for details ; use the weaker 
formulae, especially on filamentous forms. 

Sublimate fixatives give good results with algae, and are fre- 
quently best used hot. Try a saturated solution of corrosive 
sublimate in 70 per cent, alcohol (Feegusson, Ann. Bot., xlv, 
1932, p. 703). Caetee (Ann. Bot, xxxiii, 1919, p. 213) fixes 
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desmids in a mixture of 3 grm. corrosive sublimate, 3 c.c, glacial 
acetic acid and 100 c.c. 50 per cent, alcohol ; use hot and replace 
at once with several changes of 50 per cent, alpohoL For Clado- 
phoraceae, reduce the acetic acid to 1 c.c, (Carteh, Ann, Boi., 
xxxiii, 1919, p. 467.) 

Many Myxophycese do not fix well. Oscillatoria and hormo- 
gonia of other genera can be induced to creep on to a slide; then 
fvK in sitUi Large fleshy Ph^ophyce^ and Rhodophyceae should 
be cut into small pieces for accurate fixation. 

Fix marine forms in solutions made up in sea- water. For 
general preservation use 4 c.c. formalin (40 per cent, formaldehyde) 
in 96 c.c. sea- water, or for more critical work 25 c.c. 1 per cent, 
chromic acid in sea-water, 100 c.c, 1 per cent, glacial acetic acid in 
sea-water, 65 c.c. sea-water. Higgins {Ann, Bot,, xlv, 1931, 
p. 345) doubles the volume of acetic acid used in the case of some 
forms (e.g., Stypocaulon) and reduces the sea- water by 10 c.c. 
Wash in sea-water and transfer to fresh water (see dehydration). 
Preserve in 50 c.c. alcohol, 4 per cent, formalin, Keefe, or gly- 
cerine. 

Diatoms encrusting material can be removed with hydrofluoric ^ 
acid. 

See also Smith, Plant World, xvi, 1913, p. 219 ; Tiffany, 
Trans, Amer, Mic, Soc,, xlv, 1926, p. 69 ; Lucas, Science, Ixx, 
1929, p. 482 ; Lebour, “ The Dinoflagellates of Northern Seas,” 
Marine Biol. Assoc. U.K., Plymouth, 1925, 250 pp. ; Chamber- 
lain, Puget Sound Biol, Stat,, V, 1928, p. 319 (microtechnique 

'for marine algae). 

1398. For preserving Myxophycese and Rhodophyceae in their 
natural colours, Kirchner {DiemiJcr, PJianzenwelt des Siisswassers, 
Braunschweig, 1885) mounts in dilute glycerine, to which sufficient 
chrome alum (chromium-potassium sulphate) is added to give the 
fluid a clear bluish colour. 

1399. Staining. Most useful are Heidenhain’s haematoxylin, 
Mayer’s haemalum, safranin and phloxine (Magdala red) ; counter- 
stain (if necessary) with erythrosin, orange G., anilin blue, cyanin 
or light green. Newton’s crystal violet-iodine gives excellent 
results on sections and filamentous types. Acetic-carmine is use- 
ful for nuclear staining (see § 1416). 

After staining, dehydrate whole material in glycerine and mount 
in Venetian turpentine or Canada balsam. G.H.C. {Turtote News, 
iii, p. 45) washes out the glycerine with absolute methyl alcohol, 
to which a very little light green is added. 

Geitler {Osterr, Bot Zeits,, Ixxi, 1922, p. 116) advocates fixing 
living algae in boiling 5 to 10 per cent. AgNOa solution for thirty 
seconds to five minutes to fix the cell contents and at the same time 
bring out the chloroplasts which take on a brown to black colora- 
tion. 
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Dilute aqueous methylene blue stains the cell- walls of alg^ very 
readily. Cotton blue dissolved in Amann’s lactophenol is useful 
for general structure (see Fungi). Hareis {Watson's Mic, Bee., 
1924 (3), p. 9) recommends Hofmann’s blue after potassium 
permanganate and alum for freshwater algse. Burton {Journ. 
Quechett Mic. Club, 2nd Ser., xv, 1923, p. 45) uses Hofmann’s 
blue in 25 per cent, glycerine. 

Deflandre {Bull. Soc. Bot. France, Ixx, 1923, p. 738) uses 
nigrosin; Curtis and Colley {Amer. Journ. Bot., ii, 1915, p. 89) 
picronigrosin. The cell- walls stain faintly, but the protoplasmic 
elements stand out in brilliant contrast against the black back- 
ground. It is useful for most Myxophycese and some Chloro- 
phycese. 

Powers (see Chamberlain, p. 217) stains Volvocaceae in Mayer’s 
carmalum. Maegolena {Stain Tech., vi, 1931, p. 47) uses Feul- 
gen’s . stain for small forms. Methyl green in 1 per cent, acetic 
acid arid Belling’s iron aceto-carmine are most useful for living 
forms. 

Alcorn {Stain Tech., x, 1935, p. 107) fixes desmids in 2 to 3 per 
cent, formaldehyde, to which a few drops of acetic acid have been 
added. Dehydrate, by decantation, through close alcohol grades 
(each 5 per cent, apart), about ten to fifteen minutes in each. 
Stain twelve to forty-eight hours in light green S.F. yellowish or 
fast green F.C.F. (1 per cent.. in 95 per cent, alcohol). Wash in 
95 per cent, and absolute alcohol, ten to fifteen minutes each. 
Clear in xylol series and mount in balsam. 

1400. Semmens (Micwcop^, i, 1937, p. 5) stains filamentous, 
forms as follows : Prepare a mounting solution of 78 c.c. glycerine, 
80 c.c. lactic acid, 50 grm. phenol and 100 c.c. water and stain 
solutions consisting of 50 c.c. of mounting solution, together with 
2 c.c. 1 per cent, osmic acid and 0*25 grm. of a dye (light 
green, anilin blue and phloxine are satisfactory). Partially 
dry the specimen and drop it into a staining solution for one hour. 
Remove excess stain and wash and mount in the mounting 
solution. Ring with a suitable varnish. Counterstaining may 
be effected by immersing five to thirty minutes in a different dye 
solution. 

Aoams {Stain Tech., xv, 1940, p. 15) stains filamentous algse 
and fungi stuck on a slide. Dissolve 1*5 grm. gelatine in 100 c.c. 
water at 30-35 C. ; add 5 c.c. glycerine and 2 grm. phenol. Smear 
thin films of this adhesive on a warm slide and place some fixed 
and washed material on the slide with forceps using a ‘‘ dragging ” 
movement. Invert the slide over a shallow dish containing a 
small quantity of formaldehyde (40 per cent.) and cover, leaving 
the slide exposed to the fumes, for half an hour. Wash five to ten 
minutes in water, stain, clear and mount in balsam. 

1401. Taylor’s Method for Sheath Structure of Desmids 
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{Trans. Amer. Microsc. Soc., xl, 1921, p. 94). Place fresh living 
material in 0'05 per cent, aqueous methylene blue for forty-five 
to sixty seconds. Remove, rinse in distilled water and place 
in one-tenth saturated aqueous picric acid. This fixes the stain 
and brings out the striations in the sheath. Examine iii the 
picric acid solution or I’emove after one to two minutes to water. 
The sheath begins to disintegrate in a few hours. 

1402. Wall Structure of Heterokontae, etc. Swell with strong 
caustic potash and stain with Congo red or separate the portions 
by treatment with cold or warm 30 per cent, aqueous chromic 
acid. 

For clearing use chloral hydrate when mounting in non-resinous 
media. Sodium hypochlorite is also good for dense parts, but its 
action is too violent for very delicate structures. Hydrogen 
peroxide is good for some very dense Phseophyceae (Higgins, 
Ann. Bot., xIy, 1931, p. 345). 

1403. Wall Structure of Bacillariales (Diatoms). The cell 
contents are removed by boiling in macerating liquids, especially 
mineral acids, or by heating on a slide to carbonise the cell con- 
tents. Delicate forms require more gentle treatment. Store 
frustules in 50 per cent, alcohol. 

See also Hendey {Journ. Roy. Mic. Soc.^ Iviii, 1938, p. 49). 

To Mount. Replace the alcohol with distilled water, shake 
and place a drop of material on a coverslip spreading it evenly. 
Allow the covers to dry and then heat to drive off any water in the 
frustules. Add a drop of thin xylol balsam on a slide and warm 
until firm. Special highly refractive media are often used. 
CoNGEB [Journ. Roy. Mic. Soc., 1925, p. 43) uses styrax or piperine 
(jLt = 1*68). Hanna and Grant {Journ. Roy. Mic. Soc., lix, 
1939, p. 174) use realgar. 

Dry Mounts. Prepare cells by making several superposed 
rings of cement on a slide. Invert a prepared coverslip, with 
frustules dried as above, while warm so- that the edge of the slip 
lies on the cement ring. Press the cover slightly and evenly into 
the ring so that it adheres well. Allow to cool and give a coat of 
rather thick cement. 

1404. Selected diatoms may be isolated from strewn covers by 
a mechanical finger attached to the microscope. The free tip of 
the finger is slightly greased to make it sticky. The diatom i^ 
redeposited on another coverslip in the centre of which is a thin 
smear of gelatine dissolved in glacial acetic acid. Gently breathe 
on the slide to cause the diatom to stick to the gelatine. The 
specimen may be manipulated as desired by the mechanical 
finger. Dry and mount as usual. 

Conger [Journ. Roy. Mic. Soc.^ 1925, p. 48) finds that material 
is more easily withdrawn from a fine-grained, ground-glass slide 
rather than a polishqd one. 
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Murray (Journ.Eoy, Mic. Sac,, Lond., xMii, 1928, p. 1) demon- 
strates the form of diatom markings by impregnating the frustules 
with gelatine, staining with iron hsematoxylin and mounting in 
70 per cent, glycerine, which has the same refractive index as the 
diatom silica. 

1405. Rhodophyceae are difficult technically. The use of 
formalin (unless neutral and stored in the dark) should be avoided, 
especially with segmented forms, as it leads to disintegration. It 
is best to use chrom-acetic or formalin-acetic-alcohol for general 
fixation and preserve in 70 per cent, alcohol. Westbrook {Ann. 
Bott.y xlii, 1928, p. 149) also uses picro-uranium nitrate. Use the 
weaker Flemming solutions for filamentous forms and fix for short 
periods (a few minutes to one hour). Wash while dehydrating 
through the alcohols by close stages and keep in the dark. The 
large coenocytes of some (Griffithsia) need special care. 

Safranin and anilin blue give a good contrast ; nuclei purple, 
chroma tophores light blue and cell walls pink. 

Section fleshy forms by freezing or imbedding in soap ; paraffin 
often badly distorts them. Sturch (Alnn. Bot, xl, 1926, p. 585) 
cuts Choreocolax in frozen mucilage. 

Calcareous species are especially troublesome. For general 
morphology and histology fix and decalcify in a large volume of 
chromo-acetic. Fix in a rather large volume of Flemming’s for 
cytology and rapidly remove the COg with a vacuum pump, 
adding additional chromo-acetic as the original becomes exhausted. 
Massive sorts, e.g. Lithothamnion, seem impossible. 

1406. Philip’s Method for Developing Procarps and Cystocarps 
(Ann. Boty ix, 1895, p. BOB). Fix living material with chromo- 
acetic or aqueous iodine and place in 10 per cent, glycerine after 
staining, preferably with Hoffmann’s blue. A little eosin added to 
the glycerine will also stain the specimen. No stain is required in 
many cases. The walls of the procarps are gelatinised and swell 
greatly, so that the intercellular connections are readily visible. 

Cryptonemiales. Split tips lengthwise exactly through the 
apex with a sharp razor. Lay both halves split side downwards 
on a coverslip, invert upon a slide and add water, tinted with 
eosin, from the side. 

1407. Sporelings and Epiphytes. Culture on slides, fix and stain 
and mount in position. Use perfectly clean slides. If the organisms 
do not easily make a firm attachment, grind the slide slightly on 
one side with a sand blast or emery or etch with hydraulic acid. 

Butcher (Ann. Bot.y xlvi, 1932, p. 813 ; New Phyt., xxxi, 
p. 289) uses five glass slides 3 x 1 in. in a metal photographic frame 
secured to the river bed for the collection of algse and the detection 
of sewage fungus {Sphcerotilus natans). The slides are examined 
after four weeks. 

For positively phototropic organisms (zoospores from Chceto- 
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'phora^ Ch^dogoniuin^ Stigeoclonium, Ulva^ JJlothfix) place the 
slide betM^een them and the light source. For spores of Rhodo- 
phyce^, other non-mo tile spores and eggs of Fucacese, distribute 
slides evenly over the bottom of the container. As soon as the 
material ir. attached, remove the slides to clean water and treat 
in a mann.ir appropriate to the organisms studied. At intervals, 
remove slides and invert them flatly upon the surface of the 
fixative in fixing dishes and treat like a smear. Use fixatives and 
stains suitable for whole mounts of filamentous algae. 

1408. Charales, Handle like the delicate parts of phanerogams 
for imbedding, etc. Section branches longitudinally and axially 
through the reproductive organs. Safranin and anilin blue give 
a good contrast. Puncture the mature antheridium, stain whole 
and dissect before mounting. The mature oogonia are difficult 
to cut. 

1409. Special Storage Products of Algae. Leucosin (Chryso- 
phyceae) is^ soluble in most reagents and is unaffected by iodine. 
It dissolves in water after the cells have been fixed. 

Paramylon (Euglenineae) does not stain with iodine or chlor- 
zinc-iodide, but is soluble in concentrated sulphuric acid and 
potash. The grains swell and show a concentric stratification in 
dilute (6 per cent.) potash, finally dissolving. See Butschli, 
Arch,f. Protistenk,, vii, 1906, p. 197 ; Molisch, Mikrochem,, 1928, 
p. 390. 

Fucosan (Phaeophyceae) occurs in the form of vacuolar bodies, 
insoluble in water and unstained by iodine. It reduces osmic 
acid, the older vacuoles blackening especially rapidly. Fix with 
25 per cent. HCl or H 2 SO 4 and stain with methylene blue. It is 
stained by vanillin and HCl, and by neutral red. 

Floridean starch (Rhodophyceae) occurs as small dou^bly 
refractive granules staining brownish or reddish with iodine. 

FUNGI 

1410. In general treat filamentous fungi like filamentous algae 
and cut fleshy ones in paraffin. In the case of parasitic forms, 
however, the nature of the host tissues more often determines the 
technique than does the fungus. Many Xylariaceae and other 
fungi become hard and brittle as they mature ; break pieces off 
and tease them for examination. Gut sections of unimbedded 
material that has been steeped several weeks in equal parts of 
95 per cent, alcohol and glycerine. Uredo- and teleutospores of 
Uredinales require treatment with hydrofluoric acid (1 part to 
9 parts of water) to remove the silica ; otherwise they cut badly. 

Moreau {Bulk Soc, France, xxxiv, 1918, p. 187) is a 

compendium of my cological methods. 

1411. Culture Methods, See Melhus (Phytopath.y ii, 1912, 
p. 197), for culture of parasitic fungi on living hosts. 
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Fungi (saprophytes) are usually cultured in Petri dishes or 
flasks. The Holden flask (Holden, 'Ann. Bot., xliv, 1985, 
p, 401) has several advantages ; it largely obviates contamination 
and drying out of the medium and permits easy access to the 
colonies. 

See ScHWEizEE, Planta, vii, 1929, p. 118, for a method of 
culturing coprophilous Ascomycetes cleanly ; Bodine, Science^ 
Ixxiv, 1981, p. 341 (double plate method for Tilletia) ; Carleton, 
Journ. AppL Mic. Lab. Meth., vi, 1903, p. 2109; Conn, Journ. 
Barf., hi, 1918, p. 115). 

1412. Vernon’s Moist Chamber (Ann. Bot., xlv, 1931, p. 733) 
is a useful device for observing sporangium formation, etc. Put 
a drop of agar culture medium on a slide. When it is cool to about 
the point of gelation, put a cover-glass on it and flatten out the 
drop of medium considerably. When the medium is hard, remove 
the cover-glass and cut the flattened drop through the middle, 
pushing one of the halves a little to one side, leaving a channel. 
Inoculate one of the halves along this side and replace* the cover- 
glass. The aerial hyphse and conidiophores growing into the 
channel are at right angles to the line of division. 

See also Bachmann, Cifferi (§ 1414), Rivalier and Seydel 
(Ann. Parasitol. Humaine et comp., x, 1932, p. 444) Malakoff, 
Science, Ixxxiv, 1936, p. 490, for methods of culture on slides. 

The preparation of culture media is largely outside the scope of 
the ‘present work. See Raw^’lins, Chapter III; Levine and 
Schoelein, a Compilation of Culture Media for the Cultivation of 
Micro-organisms, Williams and Wilkins Co., Baltimore, Md., 
1980. 

1412 bis. Isolation of Single Spores or Bacteria. Stoughton (A system 
of Bacteriology in Relation to Medicine, H.M. Stationery Office, ix, 1931, 
p. 100) has summarised the more important methods. 

1. Growth of a single selected cell in a smear on a suitable 
rnedium or in a dilution plate under direct microscopic observa- 
tion, and its transplantation. 

Ezekiel, Phytopath., xx, 1930, p. 583 (streak method) ; La Rue, 
Bot. Gaz., Ixx, 1920, p. 319 (dummy nosepiece). 

2. Preparation of a hanging-drop containing a single organism 
which is then picked off by some mechanical device. 

Chambers, Journ. Infect. Bis., xxxi, 1922, p. 334 ; Greene and 
GiLBEyaT, Science, Ixxv, 1932, p. 388. 

3. Direct manipulation of the cell by (a) removing it on an 
agar surface to some other part of the surface ; 

Dickinson, Ann. Bot., xl, 1926, p. 273 (micro -isolator) ; Winge, C. R. 
Lab. Carlsberg, Ser. Physiol., xxi, 1935, p. 77. 
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(b) lifting it bodily from a strewn preparation on a slide. 

Hanna, A^m. BoL, xxxviii, 1924, p. 701, and Newton, Ann. Bot., xl, 
1926, p. 109 (dry needle method) ; Dunn, Phytopath, xiv, 1924, p. 338 
(micro-loop). 

4. Sterilisation of all cells except the selected one. The 
selected ceil is covered with a mercury droplet and the rest 
killed by ultra-violet light. 

Topley, Barnard and Wilson, Journ. Hyg., Camb., xx, 1921, p. 22 ; 
Barnard, Brit. Journ. Exp. Path., vi, 1925, p. 39. 

5. Preparation of a dilute suspension in a capillary tube. 

Hansen {Science, Ixiv, 1926, p. 384) breaks the tube into short 
lengths, selects those containing a single cell, sterilises them 
with alcohol and drops them into - Culture medium. Gupta 
{Brit. Myc. Soc. Trans., xix, 1935, p. 154) makes tiny droplets on 
a suitable surface by quick light touches and selects those con- 
taining a single cell only. 

6. Single strains of fungi may be isolated by cutting out a 
hyphal tip and transplanting it to a suitable medium. Any 
suitable mechanical device can be used. See Brown (y4nn. 
Bot., xxxviii, 1924, p. 401) who also describes a method for freeing 
fungal cultures from bacterial contamination ; and Machacek 
{Phytopath., xxiv, 1934, p. 301). 

7. One of the most satisfactory micromanipulators is that 
invented by de Fonbrune {Micromanipulateur Pneumatique et 
Microforge, 1937, Soc. Ind.dTmp., p. 22). It operates by means 
of a single control lever coupled to the dissecting needle by 
means of pneumatic pistons and aneroid membranes. De 
Fonbrune has also invented a microforge with which diverse 
glass instruments may be readily constructed. Comandon and 
de Fonbrune {Ann. Inst. Pasteur., lx, 1938, p. 113) describe an 
oil chamber in which to manipulate living organisms. 

1413. For general fixation use absolute alcohol, saturated 
corrosive sublimate with 1 per cent, acetic in 95 per cent, alcohol, 
or Gilson’s fluid, which is particularly good for fleshy forms. 
Lagarde {Ann. Mycol., iv, 1906, p. 125) uses 25 per cent, alcohol 
with 5 per cent, formalin in water. 

Oltmann {Stain. Tech., x, 1935, p. 198) recommends a dilute 
(2 or 3 per cent.) solution of secondary butyl alcohol. 

Ewart’s Method for the Preservation of Fleshy Fungi {Ann. 
Bot., xlvii, 1933, p. 579). Soak material in a mixture of 2 parts 
of formaldehyde to 1 of liquid carbolic acid and after superficial 
drying suspend the specimen over strong ammonia until it sets 
solid without drying. The appearance is somewhat like that of 
a candied fruit. The shape and structure are fully preserved, 
and by soaking in alcohol or water the whole of the impregnating 
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material can be dissolved away. Impregnated specimens heated 
to over 100° C. are bakelised and become unaffected by 
water. 

See also Ulbrich, Zeits, Pilzkunde, v, 1926, *pp. 105 and 14S, 
who gives details of the value of different antiseptics and of 
colour preservatives for particular kinds of fungi ; and Stover, 
Trans. III. Acad. Sei,,xxi, 1929, 1S7. 

1414. Methods of Preparation. Many fungi, especially from 
cultures on solid media^ are in the form of a loose mass of hyphse. 
Removal of air is accomplished by flooding material on a slide 
with liquids of low surface tension, e.g. 0‘5 per cent, gelatine or 
soap solutions or 70 per cent, alcohol ; or 1 per cent, aerosol O.T, 
(Whiffen, Mycologia, xxxviii, 1946, p. 340). Methyl or ethyl- 
acetate is a good wetting agent ; add a drop or two to lactophenol 
on the slide. To mount add glycerine jelly later, heat and 
cover (Tschudy, Stain Tech., xi, 1936, p. 167). Mount for 
morphological examination in water, 3 per cent, acetic acid, 
3 per cent, caustic potash or dilute chloral hydrate. Aqueous 
media of low refractive index are best. Use lactophenol (see 
also Linder, Science, Ixx, 1929, p. 430) or glycerine for stained 
material, or treat by the Venetian Turpentine or Balsam Infiltra 
tion Methods. Cytological details are best studied in material 
fixed with a Flemming fluid such as La Cour’s 2 B or use strong 
Flemming diluted with an equal volume of water. Filamentous 
types are extremely delicate, and must be handled very carefully 
through the alcohol grades and in imbedding. 

Minute forms, such as yeasts and germinating spores may be 
handled in bulk. The material may be cultured iii fluid media 
and killed in bulk, with a suitable fixative, depending upon the 
nature of the work intended. Wash in water or alcohol (depending 
upon the fixative employed) and grade into absolute alcohol. 
Place a drop of suspension on a coverslip and allow nearly to 
dry. Then flood the coverslip with water and allow the organisms 
to settle. Drain away the water and allow the cover to dry. 
Thorough drying should cause yeasts and other small structures 
to adhere. Then wet cover, stain and mount. Alternatively fix 
and then stain in Heidenhain’s hsematoxylih, dehydrate in 
glycerine by concentration and infiltrate with balsam. 

Hook and Briggs {Science, Ixxx, 1934, p. 142) fix and stain 
germinating conidia of Peronosporales in iodine-potassium iodide 
solution (1 grm. iodide, 2 grm. KI and 300 c.c. water). 

Green {Ann, Bot,, xli, 1927, p. 421) transfers Zygorhynchus, 
after fixing and washing, to 10 per cent, aqueous glycerine to 
which a drop of dilute acetic acid and 2 to 3 drops of saturated 
aqueous erythrosin have been added.. Allow to concentrate in 
watch-glass and then mount in glycerine jelly. 

Chamberlain (Methods, 1932, p. 261) gives a rapid glycerine 
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mounting method for use with small forms. Fix two minutes 
in absolute alcohol. Stain two minutes in aqueous eosin solution 
and treat two to ten seconds in 1 per cent, acetic acid. Mount 
directly in 5 per cent.. glycerine and seal. If the material collapses 
in the glycerine, putjnto 10 per cent, glycerine and allow to 
concentrate. 

In the preparation of minute objects for sectioning, the usd of 
a centrifuge is advantageous. Colley {Journ, Agric. Res., xv, 
1918, p. 619) describes a method for imbedding such material in 
paraiBfin while in the centrifuge. 

Harper’s method for handling such small structures is useful 
for many purposes, including the study of germinating spores 
and conidia. Make cultures in liquid medium on slides or in watch- 
glasses. Take up a drop of the suspension with a capillary tube 
and gently blow it out into a drop of weak Flemming fixative. 
Fix fifteen minutes to one hour or more. Smear a clean slide 
with Mayer’s albumen. Draw up a drop of the material, without 
previous washing, into the capillary tube. Touch the tube 
quickly and lightly on the surface of the albumen, to leave minute 
dots of liquid containing material attached to the slide. Allow 
the fixative to evaporate somewhat, but do not let the preparation 
dry. Pass the slide rapidly through the alcohols to coagulate the 
albumen. Treat the slide now as though it carried sections. 

Cultures of small forms (including bacteria) and germinating 
spores may also be treated as follows : (1) Spread a film on a slide, 
dry and fix by passing the slide a few times quickly through a 
flame, then stain; or (2) spread a film on a slide previously 
smeared with albumen and allowed nearly to dry ; immediately 
invert flatly on fixing fluid in a fixing dish. Afterwards, wash and 
treat as a smear. 

Bachmann’s Method {Amer. Journ. Bot., v, 1918, p. 32). 
Prepare clean sterile slides. Pour on to one slide a little of a culture 
medium (having an agar or gelatine base), inoculated with a 
suspension of the organisms to be examined. Place another slide 
on the first tod draw them apart, leaving quite a thin film. 
Incubate the slides under sterile conditions in a damp chamber, 
e.g. in a Petri dish lined top and bottom with wet filter-paper. 
When the colonies are ready, fix and stain as for a smear. All 
media must be cleared for this method. 

CiFERRi {Myeologia, xxi, 1929, p. 151) puts cover slips, coated 
with melted agar, singly into test-tubes containing a layer of 
cotton and filter-paper and autoclaves the tubes, which serve 
as moist chambers. Spores are sown or mycelium is planted 
on the Goverslips. When grown, fix, stain, etc. The method is 
especially useful for Dermatomycetes ; it is less successful with 
fungi having erect aerial conidiophores or spbrodochia. 

Overhots {Proc. Ini. Congr. Plant Sci., Ithaca, N.Y., ii, 1928, 

23—^2 ■■ 
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p. 1688) describes the technique of preparing mounts of Hymeno- 
mycetes. 

See Boyce {Phytopath,, viii, 1918, p. 432) and Sinnott and 
Bailey (Phytopath,, xiv, 1924, p. 403) for methods of handling 
diseased wood. 

Spores of fungi will adhere to slides if these are first smeared 
with Mayer’s albumen. Invert the slides on a suitable fixative or 
dry and fix by heat. Afterwards treat as a smear. For external 
structure mix with balsam or glycerine jelly and cover. 

1415. Whetzel’s Method for Superficial Fungi ( J ourn. Mycology, 
1903). Strip off a piece of the epidermis with the superficial 
mycelium. Simmer over a low flame in 2 to 4 per cent, caustic 
potash for twenty to thirty minutes. Wash by standing in two 
to three changes of water for ten to twenty minutes each. Pick 
off the sub-epidermal tissue and if not clear again treat with 
hot caustic potash. Dehydrate in 95 per cent, alcohol, clear and 
mount. The host tissues are bleached, the dark hyphae and 
reproductive bodies of the fungus not ; the method is best for 
fungi with pigmented hyphae. Staining could be attempted. 

Abbott’s Method for Superficial Fungi {Phytopath,, xv, 1925, 
Pi 245). Dip a camel-hair brush into glycerine jelly and spread 
a thin coat on a warm slide. After the jelly has hardened, press 
the plant part bearing the superficial fungus against the jelly and 
remove it. A large part of the fungus is left in position in the 
glycerine jellyi 

1416. Stains. Material examined directly may be stained on 
the slide with 0-5 per cent, aqueous eosin (followed by 2 per cent, 
acetic acid) or with alum-eosin (0-5 per cent, of each). Filaments 
difficult to stain will usually take Ziehl’s carbol-fuchsin, as 
prepared for bacterial purposes. Material with coloured spores 
'(Ascomycetes, Uredinales) may be counterstained with light 
green or Delafield’s hsematoxylin. Spores stain well with safranin. 

Boss {Dermatol, Wochenschr,, xc, 1930, p. 482) treats a loop of 
filamentous fungi for two minutes on the slide with a mixture of 
10 parts of 25 per cent, antiformin and 1 part of 1 per cent, caustic 
soda. He then fixes them with heat and stains them with Unna’s 
modification of the Unna-Pappenheim stain. 

Cotton blue (BaumwoUblau 4 B) or anilin blue in lacto-phenol 
are useful stains (see also §1417). 

Chlorazol black E added to lactophenol to give the solution 
the appearance of India ink makes a useful stain for fungal hyphse 
and sporangia (Armitage, Journ, Roy, Mic, Soc,, xliii, 1943, 
p.l4). 

Maneval {Stain Tech,, id, 1936, p. 9) describes the use of several 
stains with Amann’s lactophenol or phenol glycerine. Fungi, 
algae, etc., are well stained in lacto-phenol containing anilin blue, 
W.S. (cotton blue) or acid fuchsin, used singly Or mixed. The 
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addition of 20 to 25 per cent, glacial acetic acid makes staining 
more rapid and less deep. Delicate forms can be fixed and 
mounted in glycerine jelly, in which a small quantity of stain 
{e,g. gentian violet or safranin) has been dissolved. 

Stain in 0*25 per cent, orseillin BB solution in 3 per cent, acetic 
acid, one to four minutes. Wash off excess stain with 3 per cent, 
acetic acid. Cover with modified Sartory’s fluid (10 grm. phenol 
crystals, 20 grm. lactic acid, 40 grm. glycerine and 20 grm. water) 
and ring (Alcorn and Yaeger, Stain Tech., xii, 1937, p. 157). 

For cytological details, staining in Heidenhain’s hsematoxylin 
and counterstaining with Congo red or with light green, erythrosin 
or orange G in clove oil has been most used. Newton’s crystal 
violet-iodine method is advantageous with most fungi. 

Very good cytology may be done with iron acetocarmine 
(McClintock, Journ. Bot, xxxii, 1945, p. 671); it is 

sometimes better to fix in acetic alcohol, mordant a few minutes 
in 4 per cent, iron alum, wash in water and then stain in aceto- 
carmine (Godward, Nature, clxi, 1948, p. 203). 

A reliable nuclear stain for fungi is described by de Lamater 
(Mycologia, xl, 1948, p. 423). Spread conidia and mycelia on 
albumenised slides, or grow them on cellophane. Fix in acetic 
alcohol or Schandinn’s fixative (64 c.c. saturated mercuric chloride 
in water, 32 c.c. absolute alcohol, 4 c.c. glacial acetic acid). Wash 
in grades of alcohols ending in water. Steep 5 minutes in cold 
N.HCl Hydrolyson 5 minutes (or more) in N.HCl at 60° C. Pass 
through cold N.HCl to water. Mordant in 2 per cent, formalin for 
two to four minutes. Stain in 0*5 per cent, aqueous basic fuchsin in 
N 

— HCl for fifteen minutes. Rinse in water, dehydrate rapidly 
25 

through alcohols, clear in xylol, mount in balsam or clarite. 
Rather rapid destaining occurs in the alcohols. 

Parris {Phytopath., xxxiv, 1944, p. 700) recommends Maneval’s 
acid fuchsin as a simple nuclear stain : 30 c.c. 5 per cent, aqueous 
phenol, 10 c.c. 20 per cent, glacial acetic acid, 4 c.c. 30 per cent, 
ferric chloride, 2 c.c. 1 per cent, acid fuchsin. Culture on medium 
on slide and add stain to slide. After thirty seconds to three 
minutes drain off excess and rinse one or more times in tap water. 
When the stain is of the desired intensity, mount in lactophenol. 

lA16bis. Staining Cell Constituents in Diseased Plant Tissues. 
The greatest changes in affected cells of diseased tissues are likely 
to occur in the cytoplasm and vacuolar system. 

Dufrenoy {Stain Tech., iii,192S, p. 57) recommends fixation 
with Sieves or Regaud fluids where embryonic cells, with dense 
cytoplasm, are to be studied cytologieally in the same section 
with vacuolated cells. It is best to stain with acid fuchsin and 
destain with light green using Kull’s method, preferably after 
Meves fixative. Post-staining with 0*5 per cent, aqueous tolu- 
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idine blue and destaining with 0*5 per cent, aurantia iii 70 per 
cent, alcohol give blue starch grains within red plastids. 

Staining of inclusions in virus-infected material may be eiffected 
by trypan-blue alone or in combination with phloxine (McWhor- 
TEEj Stain Tech., xvi, 1941, p. 143). Fix in 5 per cent, formalin, 
wash in 10 per cent, citric acid one to six hours, and stain in 
0*5 per cent, phloxine for three to eight seconds. Wash briskly 
in physiological salt solution and then in a few drops of 0*5 per 
cent, trypan blue at least two to four minutes. Viroplasts that 
do not absorb trypan blue appear pink or red. See also Kassanis 
^ioLj XXvi, 1939, p. 705). . 

1417. Differential Staining of Parasite and Host. This is often 
difficult. The usual histological combinations may be successful. 
Gwynne-Vaughan and Barnes {The Fungi, 1927, p. 30) recom- 
mend safranin and light green . and also methylene blue and 
erythrosin. These combinations are especially successful with 
hyphse in the xylem of the host. If the host is woody, a lignin 
stain, preferably safranin or gentian violet, should be used, and 
various contrasting stains tested until one is found that suits the 
particular case. The following special methods may be employed. 

Vaughan (Ann. Missouri Bot Gard., i, 1914, p. 241) uses the 
stain mixture Pianese Illb, prepared from malachite green 
0*5 grm., acid fuchsin 0*1 grm., martins yellow 0*01 grm., distilled 
water 150 c.c., 95 per cent, ethyl alcohol 50 c.c. Wash sections in 
water or alcohol and stain them in the mixture for fifteen to 
forty-five minutes. Remove excess stain with water and 
differentiate in 95 per cent, alcohol, acidulated with a few drops 
of hydrochloric acid. Clear in carbol- turpentine or carbol-xylol, 
wash with xylol and mount in balsam. 

Chesters {Ann. Bot., xlviii, 1934, p. 820) has described three 
methods for the use of cotton blue : — 

1, For phycomycetes, sterilise a clean slide placed in the 
centre of a Petri dish and then fill the latter with about 30 c.c. 
of clear agar medium. This produces a thin film over the slide. 
Inoculate and incubate. Fix the mycelium in the agar for 
twenty-four hours at incubator temperature with 1 per cent, 
chromo-acetic acid. Remove slide with its attached agar film 
and wash thoroughly. Place slide in 10 per cent, glycerine and 
allow it to concentrate to the strength of Amann’s medium. 
Stain six to twenty-four hours in 0*5 per cent, solution of cotton 
.blue in Amann’s medium and differentiate in several changes 
of this medium until no further colour is removed from the hyphse. 
Wash out in 70 per cent, alcohol and carefully dehydrate to 
absolute alcohol. Pass through mixtures of alcohol and xylol 
to pure xylol and infiltrate with xylol-balsam. The method can 
also be used for the early stages in formation of some perithecia 
and pycnidia. 
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2, For fungal hyphse in woody tissues : stain thin sections in 
slightly warm 0*5 per cent, cotton blue in Amann’s medium for 
five to fifteen minutes. Wash out excess stain with Amaiin’s 
medium and remove this with 70 per cent, alcohol. Counterstain 
in safranin ten minutes and remove most of excess stain in 70 per 
cent, alcohol; dehydrate, clear in xylol and mount in balsam. 
Fungal hyphae are stained blue, xylem red. 

3. Examination of hyphae upon cut surfaces of infected tissue 
(especially timber) may be carried out using a Leitz Ultropak 
vertical illuminator, after a pre-treatment of the surface with 
cotton blue. Smooth the surface with a sharp razor and immerse 
it in a slightly warmed 0-5 to 1-0 per cent, solution of cotton 
blue in Amann’s medium for about fen minutes and wash away 
excess ^tain. Place block on slide and cover prepared surface 
with a cover slip. 

Lepik (Phytopath., xviii, 1928, p. 869) obtains differential 
staining of Peronosporacese as follows : Remove paraffin from 
sections with xylol or turpentine ; pass through absolute and 
90 per cent, alcohols into a mixture (solution No. 1) of 10 grm. 
pheni®!, 10 c.c. cone, lactic acid, 20 c.c. cone, glycerine and 20 c.c. 
alcohol for ten to fifteen minutes. Then sta-in two hours in a 
mixture of 0-02 grm. cotton blue 4B (thought to be identical with 
oxanin blue 4BX or dianyl blue G) and OT grm. safranin in 100 c.c. 
of solution No. 1. Differentiate in solution No. 1 and wash in 
absolute alcohol. Treat twenty to thirty minutes in a weak solu- 
tion of safranin in clove oil and differentiate in clove oil. Clear in 
xylol and mount in balsam. Mycelium blue, host tissue red. 

Fereaei (Soc. Interndg. Microbiol. Boll. Sez. Italiana, iii, 1931, 
p. 26) recommends Cuccati’s picro-carmine, which gives a rather 
intense rose colour. He also uses ruthenium red, which colours 
the cells red-violet. He finds that while a 10 to 20 per cent, 
aqueous solution of caustic potash bleaches the host cells, the 
mycelial cells are changed to a yellowish-red. 

Dickson (Science, \ii, 1920, p. 63) stains in a 2 per cent, solu- 
tion of Magdala red in 85 per cent, alcohol for five to ten minutes, 
removes excess stain in 95 per cent, alcohol and counterstains in 
2 per cent, clove oil solution of light green for one to three minutes. 
He then washes in absolute alcohol or carbol- turpentine, clears in 
xjdol and mounts in balsam. Parasite tissue stained red, host 
tissues green. If the tissues do not stain readily mordant wdth a 
freshly prepared .1 per cent, aqueous solution of potassium per- 
manganate, rinse in water and pass up to 85 per cent, alcohol. 
Chamberlain (Methods, 1932, p. 273) suggests phloxine instead 
of Magdala red. 

Cartwright (Ann. Bot, xliii, 1929, p. 412) treats mycelium in 
wood sections as follows : Stain in 1 per cent, aqueous safranin ; 
it is usually sufficient to cover the section with stain and drain it 
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off immediately. Wash in water, leaving a slight excess of stain. 
Cover the section with picro-anilin blue (25 c.c. saturated aqueous 
anilin blue and 100 c.c. saturated aqueous picric acid) and warm 
over a flame until the liquid is on the point of simmering. Wash 
out all the blue with water. Dehydrate, clear in clove oil, wash in 
xylol and mount in balsam. The mycelium is a clear blue, ligni- 
fied walls red. Badly decayed wood takes up some blue, but the 
mycelium is clearly differentiated by its depth of stain. 

Stoughton (Ann. Applied Bot., xvu, 1930, p. 162) stained 
Baeterium malvacearwm in diseased Gossypium with thionin and 
orange G. Stain for one hour in thionin solution (0-1 grm. thionin 
in a 5 per cent, solution of phenol in 100 c.c. of distilled water), 
dehydrate to absolute and counterstain in a saturated solution of 
orange G in absolute alcohol, for one minute. Wash thqpughly 
in absolute alcohol, clear and mount. Parasite, violet-purple ; 
cellulose walls, yellow or green ; xylem and chromosomes, blue ; 
spindle, purple. See Margolena (Stain Tech., vii, 1932, p. 25) 
for a modification. 

Mycorrhiza are often difficult. Taylor recommends, for roots 
of Orchidaceae, fixation in chromacetic and heavy staining with 
safranin. Destain and counterstain in succession with methyl 
(or light) green and orange G. The older mycelium and host 
nuclei stain deep red, the yoimger mycelium pinkish or green, the 
host walls yellowish or red (if lignified). 

. strong solution of cotton blue in lactic acid for eight to twenty- 

four hours, followed by differentiation in lactic acid and mounting 
in this reagent or in glycerine is useful. Strasburger’s orseillin- 
anilin blue, iron hematoxylin and other common stains are also 
suitable. See Cohen (Stain Tech., x, 1935, p. 25). 

1418. Lichens are often hard to section when imbedded and 
are best cut unimbedded, using fresh or preserved material. 
Many of them, as well as the apothecia of Pezizales, etc., may be 
cut up small, stained in bulk with eosin, rinsed and teased out in 
2 per cent, acetic acid. Or small pieces, stained with eosin, may 
be dehydrated, cleared in clove oil and teased before mounting in 
balsam. Fry (Ann. Bot, xl, 1926, p. 397) imbeds corticolous 
lichens m paraffin after cutting away as much of the wood and 
.secondary cortex as possible without breaking or stretching the 
bark. Carnoy is a good general fixative. Stain in Heidenhain’s 
hematoxylin with Congo red or erythroxin as counterstain, or in 
the cyanin-erythrosin combination. 

1419. CoTNER’s Method for Zoospores (Bot Gaz., 

1980, p. 295 ; Amer. Journ. Bot, xvii, 1930, p. 511). Kill the zoo^ 
spores in hanging drops on No. 1 coverslips, at the height of their 
activity, with osmic acid vapour from a 1 per cent, solution of 
osmic acid. Expose for fifteen seconds to two minutes ; the longer 
exposure darkens the material, and the shorter one is preferable 
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for details. Then add to the drop an equal volume of a 0*005 per 
cent, solution of crystal violet. Allow the drops to evaporate to 
dryness at 22° to 24° C. ; this takes eighteen to twenty-four hours. 
In humid climates the last stages must be carried out in a desic- 
cator, allowing twenty-four to thirty-six hours over concentrated 
sulphuric acid. Now add clove oil with the least possible delay 
and differentiate under the microscope. Remove the oil with 
xylol and mount in balsam. 

1420. Yeasts. Guay {Nature^ cxlvii, 1941, p. 329) stains fixed 
films over steam for one minute with an aqueous solution of 
0*5 per cent, malachite green and 0*05 per cent, basic fuchsin, 
wash and dry. Spores are greenish blue, vegetative cells violet 
or pink. 

Lindegren {Nature, clix, 1947, p. 63) uses toluidihe blue 
as a cytological stain ; 1*5 c.c. glacial acetic, 4 c.c. saturated 
aqueous toluidine blue and 20 c.c. formalin. 

Maneval {Stain Tech., iv, 1929, p. 21) states that in some kinds 
the nucleus may be demonstrated by fixing smears with heat, 
staining one minute with aqueous acid fuchsin, followed by 
5 per cent, tannic acid for twenty seconds and a final washing 
with acidulated water. A mixture of equal parts of acid fuchsin 
and methyl green in water also is satisfactory. He also describes 
some of the most useful of Gutstein’s methods {CentrbL /. Bakt, 
xciii, 1924, pp. 233 and 398 ; xciv, 1924, p. 145 ; xcv, 1925, p. 1 ; 
c, 1926, p. 1) of staining yeasts. 

Gutstein’s general procedure is : Fix smears by means of heat 
(three times over a flame) and stain two to three minutes with a 
1 per cent, solution of a basic dye. Then wash with water and 
treat two minutes with a 5 per cent, aqueous solution of tannin, 
wash in water, counterstain, wash and examine. 

The most useful combinations are : For vegetative cells of yeast: 

( 1 ) Tannin followed by safranin ; (2) carbol methylene blue, tannin, 
safranin ; (3) methylene blue, tannin, safranin. For spores of 
yeast : (1) Carbol fuchsin, 5 per cent, acetic acid, tannin, safranin ; 

(2) carbol methylene blue, 3 per cent, acetic acid, tannin, safranin. 
Maneval prefers to use 2 to 3 per cent, sulphuric acid in place of 
the acetic acid. 

Maneval {Bot, Gaz,, Ixxviii, 1924, p. 122) stains the spores with . 
carbol fuchsin, sulphuric acid and methylene blue. He finds 
{Stain Tech., iv, 1929, p. 21) that treatment of the preparation 
with tannic acid improves the staining of the ascus. 

1421. Myxomycetes. Broeksmit {Nederland. Kmidk, Arch., 
1925, p. 134) states that plasmodia and unripe sporangia should 
be gathered in small boxes lined with moist moss. The slightest 
damage causes cessation of development or abnormal growth. 

Howard {Amer. Journ. Bot, xviii, 1931, p. 624) . collects plas- 
modia on plain agar in Petri dishes, and then repeatedly transfers 
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them to plates of plain agar to free them of contaminants. Later 
they are grown on plates of rolled oat agar (30 grm. Quaker oats, 
15 grm. agar, 1 litre of water) at 20° to 26° C. 

Fix plasmodia with Flemming fluids ; if a plasmodium can be 
induced to creep on to a slide, it may be treated as a whole mount. 
Imbed in paraffin if separable from substratum; if inseparable 
it is often better to imbed in celloidin. 

Gilbekt {Amer, Journ. Bot, xxii, 1985, p. 52) employs smears 
to study mitosis in the spores and a modification of Cotner’s 
method (§ 1419) for germinating spores and swarmers. 

Stages in sporangium and spore formation require rather thin 
sections. Stain with Heidenhain’s hasmatoxylin. 


bryophyta 

1422. Mounts of whole plants and leaves, free-hand sections of 
thalli and leaves, fruits, spores and elaters, peristomes, etc,, are 
best made without staining in glycerine or glycerine jelly. Seal 
with damar balsam, etc. Murray (Bryologisty xxix, 1926, p. 55) 
puts sections and dissections on a slide into dilute glycerine and 
covers them. When the glycerine has concentrated by evapora- 
tion, remove the cover and as much of the glycerine as possible. 
Melt a little glycerine jelly on a coverslip, place it over the 
material and keep the cover in place with a small clip. Next 
heat the slide over a spirit flame until a distinct crack is heard. 
Cool, remove clip and leave in a formalin bath twenty-four hours. 
Clean slide and seal. See also Buck, Ann. Byrol, vii, 1934, p. 6 * 
CoNARD, Bryologist, xxxvi, 1983, p. 2. 

1423. Satisfactory permanent preparations may be made by 
mounting in gum chloral from water. It is advantageous to stain 
the nmterial lightly with aqueous haematoxylin or chlorazol 
black JS, as clearing is sometimes too extreme. 

Peristomes may also be dried between two slides under a liiybt 
pressure, moistened with xylol and mounted in balsam. 

Skill in preparing free-hand sections is essential for the deter- 
mination of species and the interpretation of anatomical features. 
Henuy (Bev. Bryol., hi, 1926, p. 26) recommends that material 
to be sectioned m elder pith should first be imbedded in celloidin. 
For cytological studies fix in Flemming or, better, the mitochon- 
drial fluids. Showalter uses Benda diluted with an equal volume 
ot water or a modified Flemming {Ann. Bot., xl., 1926, p. 713) : 
200 c.c. 1 per cent, chromic acid, 12-5 c.c. 2 per cent, osmic acid' 
d or 6 c.c. glacial acetic acid and 215 c.c. distilled water, 
n Hepaticas cut well in paraffin, but many Musci become 
brittle when prepared by the ordinary method. Use collodion 
or Zirkle s butyl-alcohol method. 

1424. Culture. Sow spores on soil or', better, on a jelly medium 
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to which nutrient salts are added. Knop’s nutrient solution is 
satisfactory. Menge {Flora^ xxiv, 1930, p. 423) recommends 
agar and silica jelly bases with the addition of nutrient salts. 
ScHWEizER {Ber. Deuts. hot Ges,, xlviii, 1930, p. 75) used agar or 
sea-sand containing Detmer’s solution, brought to the proper 
acidity by the addition of phosphoric, citric or huminic acids, 
or mixtures of them. Robbins (Bot Getz., Ixv, 1918, p. 548) 
finds that the addition of carbohydrates (levulose, mannose, 
glucose) to the medium favours growth, especially in the dark. 

PTERIDOPHYTA 

1425. The general histological and cytological methods are 
sufficient. Sections of root-tips and stem-tips, for apical cells and 
segmentation must be cut perfectly longitudinally and medianly. 
Fixation in chrom-acetic, followed by staining with Belafield’s 
htematoxylin, gives good definition of these. 

Lycopodiales. Leaves and strobili, particularly the older ones 
in which the sporangia and spore walls have become hardened, are 
troublesome to cut in paraffin. Trim strobili flat on opposite sides 
to aid infiltration. 

Equisetales. The stems, etc., are heavily impregnated with 
silica ; they must be desilicified and are best imbedded in celloidin. 
Growing tips are relatively free from silica and will cut in paraffin 
without special treatment. 

Filicales. In fixing stem-tips, trim away the ramentum. 
Mature stems and roots of sclerenchymatous species should be 
ti’eated as woody specimens. The walls of sporangia, particularly 
older ones, are resistant to fixatives, and for cytogical purposes 
penetration must be assisted in every way ; Kihara’s method (see 
§ 1361) is satisfactory. 

Fern Sorus. Examine fresh material with dark field illumina- 
tion, Clear poidions of leaves in KOH, wash and stain in safranin. 
Bestain with care and lightly counterstain in dilute light green 
(or methyl blue) ; dehydrate, clear and mount in balsam. 

Prothallia. Stokey {Bot. Gaz., Ixv, 1918, p. 97) grows fern 
prothallia on various media : different soil mixtures ; black peat, 
with and without Knop’s solution ; porous clay crock standing in 
Knop’s solution. Costello (Chamberlain, 1932, p. 314) grows 
them free from soil on a clean flower pot filled with Sphagnum, 
inverted in a dish of water, and covered with a bell jar. 

Flat ones are best fixed in medium Flemming and stained in 
Fleidenhain’s hsematoxylin. To mount whole see § 1263. The 
gametophytes of heterosporous species surrounded by a hard 
impermeable spore wall should be fixed by Kihara’s method 
(§ 1361 Carnoy followed by Flemming). Bo not fix female 
gametophytes by this method after the megaspore wbII has 
ruptured. 
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GYMNOSPERMiE 

1426. Careful treatment is required for megasporangial 
structures, the female gametophyte (endosperm) and the embryo. 
Segments should be cut as deeply as possible with a razor blade 
from opposite sides of the ovule to facilitate fixation. The ovule 
cuts well in paraffin “until the stony layer is hardened. Free 
nuclear stages require special care to prevent shrinkage ; fix in 
Flemming with a higher proportion of osmic acid. For more 
accurate fixation, especially in Cycadales and Ginkgo, cut out the 
upper portion of the nucellus or endosperm. Secure pollen-tubes, 
with sperm mother-cells or sperms in their tips, in this way. 
Coulter and Chamberlain {Morphology of Gymnosperms) and 
Chamberlain {Methods in Plant Histology) give data on the times 
of attainment of various stages in development of the different 
organs in several species. 

The female cones of Coniferae should be dismembered for all 
except the youngest stages. Individual cone scales are best cut 
back to the ovule, when the tips become hard. In older stages, 
remove the ovules from the scale and trim them as far as possible. 

Lutz {Stain Tech,, vi, 1931, p. 123) describes a method for pre- 
paring thick sections of mature pine cones. Throughly air-dry 
the cone and imbed in paraffin wax of melting point 56° to 58° C. 
Cooling must be quick and complete. Mark lines of sections on 
the paraffin and cut section with either a hacksaw or carpenter’s 
handsaw. Dress down the surface with sand-paper and. if 
required, coat the polished surface with white shellac. 

1427. Buchholz’s Method for Pinus Embryo {BoU Gaz., Ixvi, 
1918. p. 185). Dissect the embryo from living material under 
a 0*3 grm. molar sugar solution (about 10*3 per cent.). Isolate 
the gametophyte first and hold it gently with forceps by the 
broad end and make a cut right round the narrow end with a 
needle shaped to an arrow-head tip and keenly sharpened. Gently 
remove this end, and by teasing into the end of the ovule expose 
the rosette ends of the suspensors, which should be pushed out by 
the straightening suspensors. By successive segmental cuts the 
distal portions of the suspensors and the embryo are exposed, and 
the whole complex removed. Fix in formol alcohol, and stain in 
Delafield’s haematoxylin, the embryo being handled by means of 
wide-tipped pipettes. Dehydrate through glycerine and infiltrate 
with Venetian turpentine or balsam. 

BucHHOLZ.(*S^am Tech., xiii, 1938, p. 53) describes modifications, 
the most important of which is the use of diaphane, or euparal, 
as a mounting medium. From 95 per cent, alcohol pass through 
1 : 3 and 1 : 1 mixtures of diaphane solvent and alcohol to pure 
diaphane solvent and then to diluted diaphane, which is allowed 
to concentrate gradually before the preparation is covered. 
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1428. Pollen Morphology. Wodehouse {Ann, Bot, xlii, 1928, 
p. 891) gives methods for preparation of microscopic mounts and 
(Bull. Torrey Bot, Cluhy lx, 1933, p. 417) for catching and counting 
atmospheric pollen. He recommends that grains be examined 
both dry and moist. An alcohol-water-glycerine combination is 
used for temporary preparations, and Brandt’s glycerine jelly 
for permanent ones. For a stain he uses aqueous methyl blue, 
since it stains the exine selectively; it fades in eight to nine 
months. The procedure is : Take a little pollen on the tip of a 
scalpel, place on a slide, moisten with a drop of 95 per cent, 
alcohol and stir with a needle to a paste, which rapidly dries, 
leaving the pollen lightly stuck to the slide. Wash by flowing 
alcohol over the pollen and drawing off with filter-paper. When 
nearly dry add a drop of methyl blue and warm to hasten 
staining ; draw off excess with filter-paper. Add a little melted 
glycerine jelly and cover. Allow jelly to set with slide inverted, 
so that grains may be closed to the cover. 

Moisten anthers of herbarium material with 95 per cent, alcohol, 
followed by a large drop of distilled water. Heat slide until 
water boils, open anthers and press out the pollen. Stain and 
pass into glycerine or glycerine jelly. To mount dry or shrunken 
material, stain in a drop of anilin oil, moderately tinted with 
gentian violet. Heat over a flame until the oil steams ; if neces- 
sary continue for several minutes to secure a good stain. Dry off 
part of the oil and add a drop of balsam. 

Maeoolena {Stain Tech., ix, 1934, p. 71) fixes in Bouin and stains 
in 0*5 per cent, .aqueous solution of Bismarck brown. Rinse in 
water, dehydrate with 95 per cent, absolute alcohols. Counter- 
stain and differentiate with about 0*3 per cent, fast green FCF in 
clove oil. Clear in xylol. Exine green, intine brown, nuclei 
brown. Ferguson and Coolidge (Amer. J. Bot, xix, 1932, 
p. 644) consider that descriptions of pollen grains observed in 
aqueous media are of doubtful value. They find that grains of 
Petunia do not change appreciably in size and shape when passed 
directly from dry air to xylol balsam, where they remain per- 
manently unchanged. 

Chamberlain recommends that loose pollen of anemophilous 
plants should be soaked a few minutes (fifteen to twenty) in water 
before fixation in bulk and handling like minute organisms. 

Maheshwari and Wulff {Stain Tech., -xxi, 1937, pr 61) describe 
the various methods most useful in studying the male game- 
tophyte. The usual cytological methods may be tried. If aceto- 
carmine is used, the pollen grains should be cleared with 10 per 
cent, chloral hydrate (Satina and Blakeslee, BiM. Torrey Club, 
Ixii, 1935, p. 301). 
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1429. Pollen, counts to determine percentages of normal and 
abnormal or empty grains are made from covered mounts in a 
drop of iodine solution or in 45 per cent, acetic acid lightly 
coloured with iodine. Care should be taken to sample the prepara- 
tion thoroughly as the smaller and empty shrivelled grains tend 
to collect the edges of the coverslip. Make measurements 
soon after mounting the pollen as they will swell (and burst) or 
sometimes shrink quite rapidly, often in thirty to sixty minutes. 

1430. Pollen Germination. Most pollens rapidly lose their 
vitality, so that tests should not be delayed. Some grow well on 
slides kept in a damp chamber. Others require water ; allow 
the drop to spread thinly on a clean slide so that oxygen is readily 
available. Most will germinate in a solution of sucrose, the 
optimum concentration of which varies with the species, and 
from year to year, over a wide range. Doroshenko {Bull. Appl. 
Bot., Genet, and Plant-Breed., xviii, 1928, p. 217) gives a table for 
over 500 spp., as to the optimum conditions for the germination 
of their pollen in vitro, for its storage and for its longevity. 

Trankow^sky’s Method {Planta, xii, 1930, p. 1). Slides are 
spread with a thin coating of agar (1 to 2 per cent.) containing 
sugar in suitable concentration, dusted with pollen and placed in 
a moist chamber. After germination the slide may be fixed, 
stained and mounted in balsam. 

See also § 1382 bis. 

1431. Pollen Tubes in Style. Pistils should be artificially 
pollinated and collected after an interval. They should be 
collected in small phials and kept from drying out by the addition 
of a drop of water. Slender styles and ovaries may be crushed 
and fixed on the slide ; larger ones are first sectioned longitudinally 
by hand. Styles fixed whole should be split longitudinally to 
permit easier freeing from air with a vacuum pump. A dilute 
solution of anilin blue stains the pollen-tube walls readily. 

1432. Where the pollen tubes contain starch grains, a satisfac- 
tory staining may be attained by the use of iodine solution followed 
by clearing in 10 per cent, chloral hydrate. Alternatively a 
dilute solution of cotton blue in lactophenol is a useful stain 
fixative for small styles or feathery ones, such as those of Graminese. 
The double stain combination of safranin and aniline blue is also 
suitable. Various special methods have been proposed, the three 
following being the most reliable. 

Buchholz’s {Stain Tech., vi, 1931, p. 13) Fuchsin-Light Green 
Method. Artificially pollinated pistils are kept at IS"" to 22"^ C. 
Styles are split along two slides, scalded half to two minutes 
in water at 70° to 75° C. and fixed by immersion several hours 
in 50 per cent, alcohol containing 6 per cent, of formalin. Within 
twelve hours of killing, dissect the cortex from the style and 
stigma under a wide field binocular microscope. Stain the central 
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strand within twenty-four hours of dissection in a mixture of 
8 parts 1 per cent, aqueous acid fuchsin and 2 parts 1 per cent, 
aqueous alcoholic light green for three to six hours or overnight 
if stain not too concentrated. Clear several hours in 80 per cent, 
lactic acid, carefully spread out on slide and mount in lactic acid. 
Seal after a few days with xylol damar or paraffin wax and gum 
mastic. 

Chandler’s Aceto-carmine and Magenta Method {Stain Tech,, 
vi, 1931, p. 25). Pistils are collected and immediately killed ‘ 
in a mixture of 6 to 7 c.c. formalin in 100 c.c. 70 per cent, alcohol.' 
They may be examined at once or stored. Those with a central 
canal are split longitudinally with needles along one side to the 
central canal and the cut surfaces spread apart. Solid styles 
are sectioned longitudinally freehand. Place a drop of aceto- 
carmine (saturated solution in warm 45 per cent, acetic acid) 
on the exposed surfaces. After a few seconds, add a drop of 
saturated aqueous magenta. Remove excess stain with blotting 
paper. Destain by passing absolute alcohol over the style and 
absorbing it at the basal end with blotting paper. If tissue 
differentiation is difficult, add a drop of anilin blue just before 
the magenta. 

Nebel’s Lacmoid-Martius Yellow Method (Stain, Tech., vi, 
1931, p. 27). Crushed or sectioned fresh material is stained in a 
mixture of 5 mgm. lacmoid and 5 mgm. martins yellow dissolved 
in 10 to 15 c.c. water, adjusted to pH 8 by the addition of a few 
drops of 1 per cent, ammonia, thus making the fluid deep olive- 
green. After two to five minutes the material is mounted in the 
stain or in water of the same To make permanent mounts 
fix crushed, dissected or otherwise prepared material in Carnoy 
and transfer through 70 per cent, alcohol to alkaline water. Wash 
thoroughly in tap-water to remove all acid or excessive alkali. 
Stain one to five minutes and dehydrate rapidly in alcohols 
containing lacmoid in solution in its blue modification (pH 8). 
Mount in cedar oil and seal, or in balsam after clearing with 
xylol. 

Maheshwari and Wulff (Stain Tech,, xii, 1937,. p. 61) vitally 
stain pollen tubes with chrysoidin Y or Janus black. 




CHAPTER LII 
PALEOBOTANY 

1433. Geneeal accounts of paleobotanical methods are given 
by: 

Keausel, Die palaobotanischen Vnterstwhungsfnethoden, Jena, 

, 1929. 

Hofmann, Mikrokosmos (Stuttgart), xxiii, 1930, p. 93, 

JuEASKY, AberhaldeUi Handh, Mol. Arbeiismethoden, Abt. xi, 
1931, p. 253 (section methods) and p. 331 (maceration methods). 

PoTONiE, Bot., xiii, 1920, p. 79 (maceration and staining). 

Netolitzky, Mikrokosmos (Stuttgart), xx, 1927, p. 178 (methods 
for carbonised material). 

1434. Maceration Methods. See the papers given above, 
especially those by Potoni6 and Jurasky. The most successful 
macerating fluids are Diaphanol (from Leitz), nitric acid and aqua 
regia. They also have the effect of bleaching the material and 
must be removed subsequently by thorough washing with water. 
Staining can sometimes be attempted ; try safranin or haema- 
toxylin in the first instance. 

1435. Sectioning Methods. Formerly most of the harder 
fossils were sectioned by grinding, following geological methods. 
Cut thin slabs through the specimen in the desired direction with 
a hack-saw or band-saw of the type used for cutting mineral 
specimens. The blade must be of the hardest temper. The 
operator of a band-saw must be thoroughly protected. Then 
grind the specimen as thinly as possible while being held in the 
hand, and polish one surface: Cement the polished surface to a 
glass slide. When firmly attached complete the grinding and 
polishing, wash, dry with alcohol, clear if necessary and cover 
with balsam and a cover-glass. The details of the method depend 
very largely upon the matrix. Exercise caution when the section 
is approaching the desired thinness to ensure an even thickness 

* and to prevent it breaking up. Some friable specimens should be 
saturated with resin before grinding. Hoskins {Bot Gaz., Ixxxix, 
1930, p. 414) describes a transfer method for sections. Lomax 
{Journ. Boy, Mic, Soc., xlvii, 1927, p. 239) describes the technique 
of making coal sections. First coat the block with shellac to 
prevent absorption of moisture and then grind the end level, 
heat to reniove moisture and coat with shellac. Next heat the 
block in an oven and then cool. Smooth the ground end with 
fine carborundum on a glass plate, and again shellac and dry the 
surface. Apply a thin layer of clove oil to the smooth surface 
and press it, either cold or slightly warm, oh a heated glass slide, 
using a mixture of balsam and' gum opal for cement. Cool the 
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block and leave it until it is firmly cemented to the slide. Place 
it in a vice and cut it through with a hack-saw, leaving a thin 
slice fastened to the slide. Grind this slice to the desired thickness, 
dry and add balsam and a coverslip. Seylek and Edwaeds 
{The Microscopical Examination of Coal, H.M. Stationery Office, 
London) give methods for cutting thin sections and a method, 
based on metallographic practice, of polishing and etching flat 
surfaces to bring the plant structures into prominence. Turneb 
{Amer. Inst. Min. and Met. Eng, Advance Paper, No. 1409-1, 
1925) polishes small blocks of anthracite, etches them with heat 
and examines them with deflected light using a metallographic 
microscope. Heard* {Quart. Journ. Geol. Soc., Ixxxiii, 1927, 
p. 195) imbedded pyritised specimens, from the Old Red Sand- 
stone, in shellac and carefully ground and polished them with the 
finest carborundum flour. The polished sections were then 
treated with concentrated ifitric acid to bring out the internal 
structure of the plants. 

The differentiation of cell- wall and other details in fossilised 
specimens usually depends on the presence of carbonised material 
representing the plant, imbedded in some matrix, usually sili- 
ceous or calcareous. Sections in which there is insufficient differen- 
tiation may be much improved by Kisser’s Anthracogram method 
{Journ. Indian Bot. Soc., x, 1931, p. 60). Pass them through 
al<?ohol and benzol and boil them in liquid paraffin under a l^rge 
cover-glass for one minute or more. Traces of organic matter in 
the walls are carbonised and appear first yellowish, then reddish- 
brown and finally blackish. When the desired degree of car- 
bonisation has been reached, cool the slide, dissolve away the 
paraffin and mount in the usual way. 

Semi-fossilised peats, soft brown coals and partially silicified 
woods may be desilicified with hydrofluoric acid and sectioned 
on a sliding microtome with or without imbedding in celloidin. 
Lang {Ann. Bot, xliii, 1929, p. 663) dehydrates and imbeds in 
paraffin wax from chloroform ; sections can then be obtained in 
ribbons. 

Jeffrey {Anatomy of Woody Plants) recommends that the 
material be soaked in carbolic acid under pressure in a wire- 
stoppered bottle in a paraffin oven both before and after treat- 
ment with hydrofluoric acid. The periods of immersion in each 
reagent should be about one week, and the treatments should be 
repeated if necessary. 

Peel Methods of Sectioning Petrifications were originally due to 
Walton {Nature, cxxii, 1928, p. 571) ; see also Nature, cxxv, 
1930, p. 1413. Grind a flat sui'face on the petrified mass, parallel 
to the plane from which the section is desired. Immerse this 
surface fora time in hydrochloric acid (co^ balls and other 
calcareous masses) to dissolve away the carbonates. Find the 
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concentration of the acid and the duration of the etching process 
by trial. Wash with water and flood the etched surface with a 
liquid {e.g. the trade preparation Durofix) which forms a tough 
film on drying. When dry peel off the film, which will carry with 
it a thin section of the fossil. Wash in acid and in water, dry 
clear and mount in Canada balsam under a coverslip. The 
thickness of the section depends upon the time of action and 
the strength of the acid used in etching. Virtually serial sections 
may be obtained. For silicified material, hydrofluoric acid replaces 
the hydrochloric acid used for etching. 

Koopmans {Geol, Bur. Netherlands, Heerlen, cxxxi-cxxxii, 
1929) uses a celluloid solution. He moistens the surface with 
amyl acetate to avoid air bubbles. Barnes and Dueroen {New 
Ph^., xxix, 1930, p. 74) remove bubbles from the drying film by 
pouring ether fumes on them and polish the lower surface of the 
film with fine knife powder. The transfer is washed and well 
smeared with Mayer’s albumen. A slide is warmed and the 
transfer is well pressed on to the slide ; flattening and adhesion 
is aided by a few drops of absolute alcohol. The slide is then placed 
nearly vertically in equal parts of absolute alcohol and ether to 
remove the celluloid. 

Duerden {Ann. Bot, xlv, 1931, p. 376) adds a plasticiser 
(castor oil, triacetin, or benzyl abietate) to the cellulose acetate 
or cellulose nitrate (pyroxylin) solution, to avoid puckering of 
the sections due to unequal drying. The following mixtures are 
good ; (1) Cellulose nitrate in equal parts of alcohol and ether, 
plus 5 per cent, of castor oil ; (2) cellulose nitrate in 2 parts of 
acetone and 1 part of amyl acetate, plus 2 per cent, triacetin ; 
(3) cellulose acetate in 4 parts of acetone and 1 part of diacetone 
alcohol, plus 1 per cent, each of benzyl abietate and triacetin. A 
mixture of the solvents is poured on the surface of the rock before 
pouring the film. The film mixtures should be of the consistency 
of pure glycerine. 

Graham {Stain Tech., viii, 1938, p. 65) finds a most satisfactory 
film is given by 20-seeond nitrocellulose 20 grm., butylacetate 
200 c.c., tricresyl phosphate or methyl phthalate about 1 c.c., 
toluene or xylol 10 to 20 c.c. It dries in four to six hours, but is 
best left one to two days. 

See also Krick, Bot. Gass., xciii, 1932, p. 153. 

1436. Impressions and Incrustations. Walton’s Canada 
Balsam Transfer Method (^nn. Bot., xxxvii, 1923, p. 379). Clean 
the visible surface of the material and set it on a glass slide with 
hard to brittle balsam. Imbed the mount in paraffin, leaving only 
the remnants of the excess of rock matrix exposed. Dissolve these 
away with hydrofluoric acid. The preparation, after washing, 
can be kept dry and examined by reflected light, or mounted 
in glycerine jelly under a coverslip. It cannot be mounted in 
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balsam.- This method makes possible an examination of both 
surfaces of carbonised plants. It is a development of the collodion 
film method of Nathorst {GeoL Foren Forhandl., xxix, 1907 ; see 
also Bather, GeoL Mag., Dec. v, iv, 1907). 

Ashby’s Cellulose-Film Transfer Method (Lang, Ann. Bot, 
xl, 1926, p. 710). Treat the exposed surface with a solution of 
cellulose acetate in amyl acetate ( or celloidin solution, or the trade 
preparation ‘‘ need ”) and allow the surface -to dry thoroughly. 
If necessary, repeat the treatment to obtain a strong film. Grind 
away the superfluous rock, and place the specimen in hydro- 
fluoric acid in a wax vessel until the cellulose film is free and clear 
of minerd matter. Wash in water, dehydrate in 95 per cent, 
alcohol (absolute alcohol must not be used). Clear in terpinol, 
oil of bergamot, etc. (clove oil must not be used), and mount in 
Canada balsam, applying slight pressure with a clip if necessary. 

See also Thomas, Phil. Trans. Boy. Soc. Lond. B., ccxiii, 1925, 
p. 299 ; Bolton, Ann. Bot., xliii, 1929, p. 414, 

The transfers may be examined by reflected light, a Leitz- 
Wetzler vertical illuminator being useful in conjunction with high 
powers (Walton). They are commonly rather opaque to trans- 
mitted light. Infra-red photography (Walton, Nature, cxxxv, 
1985, p. 265) yields very detailed pictures. Dixon (iVajfwre, cxxxv, 
1985, p. 958) uses an Ultropak microscope with coal material. 

1437. Fossil Pollen. A summary of the methods at present in 
use is given by Godwin {New Phyt., xxxiii, 1934, p. 278). Peat 
samples are treated with hot alkali, calcareous marls with hydro- 
chloric acid, and the organic matter of the siliceous sediments is 
obtained by decantation and treatment with hydrofluoric acid^ 
For peat samples boil up a small amount with a few drops 
of 10 per cent, caustic potash or caustic soda on a slide. 
Examine the macerated material directly, or wash and mount in 
glycerine jelly, either unstained or tinted with safranin. Modifica- 
tions involve using known weights or volumes of peat, repeated 
washings, centrifuging and making up in such a manner that a 
known amount is present on each side. Pressure on the coverslip 
causes over-representation of large pollen grains, by|squeezing out 
smaller ones around the edge. 

Erdtmann’s method {Svensh. BoL Tids., xxvii, 1938) makes it 
possible to examine samples too poor in pollen for the alkali 
method. Mildly oxidise the example with NaClOg in a mixture of 
acetic acid and sulphuric acid for some hours in the cold. Wash 
the residue and dry it with acetone and ether. Then treat with 
80 per cent, sulphuric acid, which^hydrolyses the polysaccharide 
fraction, leaving a sample rich in pollen grains. Make up the 
residue with lacto-phenol stained with methylene blue, and place 
a definite volume for counting in a specially made chamber of the 
type of a blood-corpuscle counter. 



CEAPTER LIII 

A GUIDE FOR STUDENTS OF MICROTOMY 

1438. Three Examples for Beginners The preparation of whole 

stained mounts of some small object (Daphnids). 

(2) The preparation of sections of the muscle or an organ of a vertebrate, 

(3) The preparation of an embryo (or tadpole) for the making of serial 
sections. 

Example 1. From a pond or ditch obtain some water-fleas {Daphnia 
or Simocephalus) ; allow the jar to stand for several hours till the sus- 
pended material has settled. Capture some of the organisms as 
follows : — ^Take a piece of glass tubing some 8 inches in length ; place 
a finger over one end, dip the other end under the water and by taking 
away the finger, suck up some of the Daphnids into the tube ; put your 
finger over the end of the tube, remove the latter and transfer the 
organisms to a capsule or watch-glass about 2 inches in diameter. With 
a clean pipette carefully suck up most of the water, hardly allowing the 
animals enough to swim in ; now add a fixative to kill the organisms, 
this to coagulate their protoplasm (§§ 30, ei seq.) as rapidly as possible 
so as to leave the groups of cells forming the organs intact and m situ. 

Use corrosive acetic acid (§ 70), 0-7 per cent, acetic acid in saturated 
aqueous corrosive. Pour the fixative into the watch-glass or capsule, 
till it is full (the watch-glass or capsule contains about 15 to 20 c.c.). 
Place a glass square or plate over the capsule, and leave it for thirty 
minutes. The organisms become opaque, indicating the coagulation of 
the protoplasm of their cells. 

With a pipette carefully remove as much of the fixing fluid as possible. 
Now that the organisms are killed, the mercury salt must be removed ; 
unless the fixative is thoroughly removed, it will form masses of pin-shaped 
crystals at a later stage when the animals are being mounted in 
balsam. 

To remove the corrosive sublimate, it is necessary to convert it into 
another substance which may be more easily washed away ; this is 
effected by immersing the animals in some 70 per cent, alcohol which 
has been coloured light port-wine shade with tincture of iodine (§ 70), 
whereupon the mercury bichloride becomes mercury iodide, which is 
very soluble in 70 per cent, alcohol. The iodine and alcohol mixture 
should be used until it no longer loses its colour, which indicates excess 
of iodine. The whole process should last several hours and may be 
carried on overnight. 

The iodine and 70 per cent, alcohol are poured away, and the animals 
washed for several hours (a minimum of two) in at least two changes of 
70 per cent, alcohol to remove as much of the iodine as possible. The 
objects are then transferred to 50 per cent, alcohol for one half-hour, 
then into 30 per cent., for the same time. They are brought down these 
grades in order that shrinkage may not occur when they are being 
transferred to stains containing little alcohol, or none at all. 

Two stains may be tried, Mayer’s acid hsemalum (§§ 284 and 285), 
and Grenacher’s alcoholic borax carmine (§ 265). The time that both 
these stains should be used depends almost entirely upon the accessi- 
bility of the cells of the object to the stain. Daphnids are covered by 
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a cliitinoiis sliell, which though delicate tends to prevent instant 
penetration. It is a good thing to leave the animals in the stain for 
about five hours at least, and overnight preferably. 

Take two clean capsules, pour into one about 10 c.c. of borax carmine, 
into the other a similar quantity of the hsemalum. With a camel-hair 
brush or a pipette transfer some of the organisms to the stains and leave 
as directed above. See that the capsules are securely covered. 

After some hours in the stain, the latter is poured back, and the 
process of differentiation (§ 234) is begun. The object of differentiation 
is to wash away superfluous stain from certain organs or parts of organs, 
in order that a contrast in depth of colour may be obtained in the 
various other organs and tissues. Both borax carmine and Mayer’s 
acid hsemalum may be differentiated in acid alcohol (4 to 6 drops 
of HCl to 100 c.c. of 70 per cent, alcohol), which should generally 
be allowed to act at least as long as the stain has been used, and, 
if necessary, longer. In both cases when differentiation has reached 
the right stage, the objects examined under a microscope have a trans- 
parent appearance, and such parts as the viscera and muscles should he 
well contrasted. 

The borax carmine specimens are washed out for several hours in 
neutral 70 per cent, alcohol. They are then upgraded to 90 per cent, 
and absolute alcohol, two hours in each, or overnight in absolute alcohol, 
and cleared in methyl benzoate, cedar-wood or clove oil for at least two 
hours, and then mounted in xylol balsam. 

The haemalum specimens have to be brought to an alkaline solution 
in order to “ blue ” the stain, and to get rid of all acid. Some workers 
“ blue ” the stain in 70 per cent, alcohol made slightly alkaline with 
ammonia or bicarbonate of soda, but the best results are obtained by 
downgrading. the objects to tap -water, which is allowed to run over 
them gently till they go quite blue, which should occur for small objects 
within an hour if the water is slightly alkaline : if not use Scott’s 
tap water substitute. The animals are then gradually upgraded 
through 30, 50, 70 and 90 per cent., to absolute alcohol and cleared as 
above described for borax carmine specimens. 

In order to obviate the differentiation stage, one may dilute both the 
borax carmine and the acid hasmalum till they are about one-third or 
one-half as strong ; dilution of the borax carmine may be carried out 
with 50 per cent, alcohol (not methylated spirit) and with distilled 
water in the case of haemalum. In these solutions the animals remain 
till sufficiently stained. But the best results are got by the overstaining 
and differentiation method. 

1439. Example II. From a frog remove a large leg or thigh muscle, 
and cut it into two pieces about as big as the nail of the little finger. 
If desired, the liver, a halved testis, or a kidney may also be used. 

Transfer the material to a capsule contffining at least 20 c.c. of 
Susa (wash out in 90 per cent., see § 70), Zenker’s or Helly’s fluid 
(§ 79). Leave till next morning, and wash in running water under 
the tap for at least three hours, preferably overnight, then transfer to 
50 per cent, alcohol for an hour ; then to 70 per cent, alcohol, containing 
enough tincture of iodine to give the solution a light port-wine shade. 
Add more iodine as the colour disappears, prolonging the treatment 
overnight for large pieces. Pour away the alcohol, and add pure 70 per 
cent., in which the material is washed at least three hours. Transfer to 
90 per cent, for several hours and leave in absolute alcohol overnight. 
Next morning it is safest to give the material another hour in a fresh 
change of alcohol absolute. Pour away a good deal of the alcohol and 
add about the same quantity of xylol or benzol. Shake, leave half an 
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hour, and then transfer the material to pure xylol or benzol ; leave half 
an hour. Pour away some of the xylol or benzol, either add chips of 
hard wax to cover the tissue, or add some of the stock xjdol and wax 
mixture. Leave an hour in thermostat on the upper shelf, pour off, and 
add molten pure wax * leave one or two hours on the bottom shelf. 
Imbed blocks (§§ 164, et seq,). 

1440. Example 111. Preparation of an Embryo for Serial Sections. 
Fix in Bouin’s fluid five hours, corrosive acetic or picro-nitric, overnight 
(§§ 116, 70, 101). In the case of the first and last mentioned fixatives, 
the embryo is afterwards transferred to 30 per cent, alcohol (half- 
hour), 50 per cent, (two hours), and then washed for a day in several 
changes of 70 per cent. The corrosive acetic fixed specimens are 
similarly treated except that at this stage iodine solution is added to 
the 70 per cent, (or this may be done in 90 per cent.) alcohol till the 
corrosive sublimate is removed. Leave overnight in 90 per cent, 
alcohol (or at least three or four hours), and at least six hours in two 
changes of absolute alcohol (preferably overnight). De-alcoholisation 
and clearing must be done carefully as directed in § 134. It is a good 
plan to bring embryos from 30 per cent, alcohol, through several 
gradually strengthening mixtures of alcohol and then terpineol, benzol, 
xylol, or cedar-wood oil. Imbed in wax as described in § 134, 
generally about one hour in benzol, etc., and wax, and two hours in 
pure wax. Imbed blocks (§ 157). Now read §§ 165, 20S, et seq. 

1441. General Rules and Hints for Students. (1) Keep all your 
bottles and capsules as clean as possible. 

(2) Try to keep your bench in order. 

(3) Keep notes of the time necessary for changing reagents. 

(4) Thoroughly clean your slides and coverslips in acid alcohol before 
using. See addendum. 

(5) Note that corrosive sublimate tends to harden material. 

(6) Corrosive sublimate is difficult to remove from tissue unless you 
use iodine. If not properly removed you will find numerous pin-shaped 
crystals in the finished sections. §70. 

(7) Corrosive sublimate attacks the surface of steel and other metals. 
Use quills or wooden needles for manipulating tissue in sublimate. 

(8) Watery stains after picric acid fixation will cause maceration if 
prolonged. 

(9) Unless very well washed out, picric acid should not be used in 
conjunction with thionin or toluidin blue. Precipitates form. Certain 
other dyes do likewise. 

(10) Osmic acid crystals should be dissolved in the purest distilled 
water. Wash the tube with distilled wat^r before you break it, removing 
label. Wash out capsules and bottles for osmic acid solutions in 
distilled water. Keep solutions in shade or. dark. § 42. 

(11) Osmic acid tends to harden yolk and certain other cells materials. 
The vapour of osmic acid is injurious tolihe eyes and nose. 

(12) Osmic acid and fixatives containing it inhibit staining, but if 
necessary you can induce osmicated material to stain in delicate dyes 
by bringing. sections down to distilled water and treating in a 0*25 per 
cent, solution of permanganate of potash for a short time. Perman- 
ganate also decolourises sections. See §§ 911 , 919. 

(13) Nitric acid tends to soften chitin and yolk, but it may inhibit 
staining a little. 

(14) Imbed material in paraffin in the shortest time possible, for 
materials left in the thermostat longer than necessary go hard, especially 
from xylol ; this refers especially to vertebrate material and yolky 
embryos. 
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1442. Genera! Plan of Procedure Applicable to- Histological Specimens. 

Anassthetise animal, kill it, quickly take out organ, cut pieces 1 cm. x 1 cm. x i cm. 

^ I' 2^%KAOy 

Fix for 24 hours m Zenker's Md 6 1 Gl®Acetic acid. 

W ( Water 100 c.c. 

Washing in running water 24 hours. 

Freezing Method, | Paraffin Method, 


Preserve in 5% Formalin. 

W ash in water 

Cut sections with freezing microtome 


•Float in water on to slide 

Stain with Picro-carmine 15 minutes 
Drain off and wipe away the stain around 

Mount in Farrants’ medium. 


Pass through increasing strengths of alcohol 
70% alcohol 

Remove Hg deposit with iodine in 70% alcohol 
(Preserve in 70% alcohol) 

'ir 


Stain 


Pass through 90% alcohol 1 day 

^ Dehydrate in abs. ale 1 night 

Clear in xylol or benzol From 1 to 2 hours 

Pass through xylol satd. with paraffin wax 1 hour 

Impregnate with paraffin at 52® C 2 hours 

and 

Imbed and make blocks 


Cut sections with microtome 

I 


CeUoidin method. 

'if 

Alc-ether aa 1 day 

Thin celloidin .....1 week 

(15% inalc-ethe^ 

Thick celloidin .....1 week 

(30% in alc-ethe^ 

After evaporation, moxint on block of vul- 
canised fibre. 

^ * 

H arden celloidin in chloroform. 1-2 hours 

and then in 80% ale ..1-6 hours 

Nk 

Cut with razor (oblique) Wetted with 80% ale. 

I 


Stain without removing celloidin 
(Remove celloidin with oil of cloves) 
Mount in balsam. 


1° Apply glycerine and albumen w’dter to 
slide 

'if 

2° Float section on slide 

Warm gently to open out the section 
Wipe away excess of water and dry in 
warmth overnight. 

V 

3° Remove paraffin with xylol 
4° Remove xylol with ahs. ale. 

5° Pass through 90 and 70% alcohol to water 

Nk 

6° Stain in hsematoxylin, etc., 5-15 minutes 

'V 

7° Wash in water, 5 minutes— 1 hour 
8* Counterstain in eosin — 1 minute 

Nk 

9® Remove excess with 90% alcohol 

if 

10° Dehydrate with ahs. ale. 

11° Clear in xylol 
12° Mount in balsam. 


(Modified from D. T. Harris’ “ Practical Histology.” 
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(15) Alcohol and chloroform dissolve fats and lipoids, acetic acid 
dissolves lipins. Vegetable oils dissolve fats less readily than xylol 
or chloroform* 

(16) Strong alcohol is bad for the finger nails and skin. 

(17) When diluting stains with alcohol, use solutions made up by 
breaking down pure absolute alcohol. Do not use methylated spirit, 
as this generally precipitates the stain. 

(18) You can soon learn to tell roughly the strength of alcohols by 
the smell. 

(19) Don’t use the dregs of the absolute alcohol bottle for dehydrating 
anything. The dregs are no longer absolute. Keep a waste alcohol 
bottle for used liquid. 

(20) Some workers add a little bag of fused copper sulphate to their 
store bottles of absolute. This keeps the alcohol dehydrated. 

(21) After fixation, when dehydrating and imbedding a piece of 
tissue, an egg or an embryo, it is at its softest when in weak alcohol, and 
its hardest when in xylol or a clearing oil. Flatten or otherwise mani- 
pulate a fixed object, while it is still in weak alcohol, or it will break up ; 
but some objects may be dissected successfully in clove oil. § 8. 

(22) Cells alter soon after death : formalin fixation is the best for 
corpse material. Carefully note §§ 30, 

(23) The organs of animals over-anaesthetised by chloroform or ether 
are often spoilt (especially in the vicinity of large blood-vessels) and are 
sometimes useless even for general purposes. 

(24) Keep balsam or colophonium jar in the dark, or paint it black 
outside. Acid balsam soon removes stains from tissue ; acid balsam is 
the microtomists’ bete noire, §§ 428, et seq. 

(25) After Zenker fixation sections may overstain in eosin. 

(26) If finished sections have crystals in them this is due to improper 
washing out of fixative, or stain. 

(27) Formaldehyde gas dissolves in water up to 40 per cent. The 
commercial formalin is acid and must be neutralised. § 112. 

(28) Formaldehyde gas is injurious to the skin and mucous membrane 
of nose. 

(29) If after staining in delicate dyes (e.g., methyl green), all the 
colour keeps coming out of the sections during passage through alcohols, 
try the following method Wipe superfluous water from around the 
sections, and dehydrate by dropping acetone on sections : then plunge 
into a jar of half acetone, half xylol, then pure xylol. 

(30) For clearing embryos or pieces of tissue for whole mounts, ter- 
pineol, carbon bisulphide, or cedar-wood oil are better than xylol. 

(31) If bubbles get under the coverslip they can often be removed by 
gently warming, or by placing slide under bell jar of an exhaust pump. 

(32) If after mounting an object in balshm white or black lines and 
blotchy areas appear, this means that dehydration was not complete. 
Bring back through xylol to absolute alcohol. 

(33) When, after imbedding, the block is set aside for a time and it 
is found that the object is surrounded by a halo of white wax, this 
means that all the clearing oil was not removed and is now exuding from 
the object. Re-imbed in pure wax. 

(34) When, after imbedding, the material seems soft and tends to fall 
out of the wax, this indicates that dehydration was not complete, and 
possibly also that the time in pure wax was not long enough. Without 
efficient dehydration it is impossible to make good sections. 

(35) If when cutting the sections curl up, it means that either the 
knife is blunt or the material has been overhardened during imbedding. 
Occasionally an incorrect slope of the knife may be the cause of curling. 
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(36) When the sections will not foym a ribbon, this means that either 
the wax is too hard or the slope of the knife is not correct. If the wax 
is hard, place 1 drop of soft wax on each side of the block and flatten it 
out with a warm knife. Read carefully § 166 et, seq. 

(37) The broad side of a block should be parallel to the knife. 

(38) Some people use^miniature drums for rolling up the wax ribbon. 
Laying them on a piece of foolscap does quite well. Avoid sticky paper. 
If sections accidentally adhere you can often release them by cautiously 
wetting the paper with 90 per cent, alcohol. 

(39) Before placing sections on a slide, write with a diamond pencil 
the number of the slide and the material used. At a pinch, a glass wax- 
pencil may be used instead. 

(40) If you have not used a diamond, it is always possible to tell on 
which side of the slide the section lies, simply by slightly tilting the slide 
and observing the shadow thrown on the other side of the glass. 

(41) For flxing and imbedding hard material read § 173 ei seg. 

(42) Dioxan technique is much used nowadays. Dioxan is a cumula- 
tive poison and should only be used in well- ventilated rooms. 

(43) For imbedding very small objects read § 159. 

(44) For making preparations of insects and methods in § 430. 
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1443. Cleaning Slides and Covers. New ones should first be 
soaked in one of the following liquids : strong sulphuric, hydro- 
chloric or nitric acid, or aqua regia, or a mixture of an ounce 
each of sulphuric acid and bichromate of potash with from 

* 8 to 12 ounces of water, then washed first with water and lastly 
with alcohol, and dried with a clean cloth. 

For used ones, if a balsam mount, warm, push the cover into 
a vessel with xylol or other solvent of the mount, and put the 
slide into another vessel with the same, leave for a few days and 
then put into strong alcohol. If this is not sufficient,'' treat as 
for new ones. Some persons boil in lysol, which we do not find 
efficacious. 

For the final treatment, see § 593. 

1444. Gums for Labels. Labels stuck on glass often strip off. 
This may be avoided (Marpmann, Zeit. Angew, Mik., ii, 1896, 
p. 151 ; Journ. Roy. Mic. Soc., 1897, p. 84) by means of the 
following adhesive : 120 grm. of gum arabic are dissolved in a 
quarter of a litre of water, and 30 grm. of gum tragacanth in a 
similar quantity. After a few hours the tragacanth solution is 
shaken until it froths, and mixed with the gum arabic solution. 
Strain through linen and add 150 grm. of glycerine previously 
mixed with 2| grm. of oil of thyme. 

1445. Marking Slides Instead of Labels. For many years, 
quick-drying varnishes, etc.; have been used for marking slides. 
Transparent lacquer is advocated by Philip Smith, who paints the 
end portion of the slide with “ Luc,’’ allows to dry, writes the 
title, and covers the writing with another coat (Watson’s Micro- 
scope Record, No. 16, 1929). Similar paint can be made by 
dissolving celluloid in amyl acetate. 

Peirce {Journ. app. Mic., ii, 1899, p. 627 ; Journ. Roy. 
Mic. Soc., 1900, p. 404) finds that if the end of the slide be painted 
with a thin solution of balsam, it may be written on with ink 
when dry, and- the record preserved by a second coat painted 
'Over it. , 

For other receipts see early editions. 

1446. J. Baker’s Method for Pressing Down a Coverslip. 
While a balsam or glycerine- jelly mount is hardening, place the 
slide flat and put a small cork (from a specimen tube) on the 
middle of the coverslip. Put enough pennies on the cork to give 
sufficient pressure. Two pennies suffice for most purposes. This 
method avoids the messiness often associated with the use of 
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spring clips, and the pressure can be much more accurately 

adjusted to requirements. 

1447. How to Remove Coverslips. It is often desirable to 
remove the coversiip from an old preparation in order to restain 
the sections or to replace a cracked cover. The safest plan is to 
place such a slide in a jar of xylol and put it aside until the cover 
loosens. Sometimes the addition of a little absolute alcohol to 
the xylol helps to dissolve away the damar or balsam. Carlson 
{Science, Ixxxi, 1935, p. 365) recommends a mixture of 9 parts 
xylol and 1 part of n-butyl alcohol, since it works much more 
rapidly than xylol alone. Caution — ?i-butyl alcohol will dissolve 
anilin dyes and should not be used if this matters.^ 

The quickest method of removing coverslips is to warm the 
side cautiously over a small flame and pull the coyer off wit t e 
fingers ! If done skilfully, few, if any, of the sections 
turbed, but the method is not recommended for valuable shd^. 

1448. Low Viscosity Nitrocellulose for Imbedding Tissues. (Con- 
tributed by E. H. Leach and W. Chesterman, Oxford.) 

Technique. Prepare a 20 per-cent, solution of L.V.N. with 
tricresyl phosphate : absolute alcohol, 210 c.c. ; ether, 250 c.c. , 
tricresyl phosphate, 5 c.c. Mix well and then add 140 grm. o 
“ industrial nitrocellulose damped with 7 : 3 buty ^ ® ' 

HX. 30/50.” This can be obtained from Imperial Chemical 
Industries (Paints Division), Wexham Road, Slough, Bucks ^ or 
from Hopkin and Williams Ltd., 16 St. Cross Street, Button Gar- 
dens, London, E.C.l, or from E. Gurr, 108 Waterford Road, Wal- 
ham Green, London, S.W.6. The L.V.N. dissolves quickly and 

should be ready for use on the following day. For preparations o e 

stained by silyer methods use dibutyl phthalate instead of tricresyl 
phosphate. Prepare a 20 per cent, solution of L-V.N. sim^rly, 
but omitting the tricresyl phosphate, also a 10 per cent.^solution ot 
L.V.N. by diluting the 20 per cent, solution with equal parts ot a 
mixture of ether and absolute alcohol (equal parts). Prepare a 
5 per cent, solution of L.V.N. by diluting 1 part of the 20 per cent, 
solution with 3 parts of a mixture of ether and absolute alcoho 

^ \rocedure for Imbedding Tissues. (1) Fix and dehydrate the 
tissues as usual. (2) Ether and absolute alcohol (equal parts), 
one day. (3) 5 per cent. L.V.N., three to five days. (4) 10 per 
cent. L:V.N., one to two days. (5) 20 per cent. L.V.N., one to 
five days. (6) Imbed in the 20 per cent. L.V.N., tricresyl phos- 
phate solution. The paper box should be large enough to leave a 
margin of at least | inch on all four sides of the tissue. (7) Allow 
to harden slowly in a desiccator. L.V.N. solutions harden more 
quickly than colloidin solutions. A small folded piece of paper 
under the lid of the desiccator allows enough ventilation. In three 
to seven days the block should be adequately hard. At this stage 
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it should be a stiff but easily deformable gel not altered in shape 
or size by shrinkage ; it should be considerably less hard than a 
celloidin block is usually made. If it is allowed to harden too 
much or too fast, the block starts to shrink and air bubbles may 
be forced into the block. If the block is allowed to harden too 
much, the sections will tend to roll. (8) Plunge the block into 
75 per cent, alcohol. Change the alcohol at least twice over a 
period of one to three days. (9) Trim the block, removing the 
hard outer rim of the L.V.N. Use 20 per cent. L.V.N. solution to 
mount it on the wood or fibre block. Hardening is complete in a 
few minutes. Dip into 75 per cent, alcohol for a few more minutes. 

Procedure for Cutting Sections, Cut the sections ‘‘ dry.” If a 
celloidin microtome is used, the tilt of the knife should be the 
same as that used for cutting celloidin. But the angle the knife 
makes with the direction of travel should be between 25 to 
45 degrees instead of the usual 75 degrees used for celloidin section- 
ing. This prevents rolling of the sections. It is possible to cut 
large blocks, such as half a cat’s brain, at 15/x. Small blocks, 
5x5 mm., can be cut at 5 to 7ju.. 

Sections can be cut at least as well on a paraffin microtome 
without any special modification or attachment. The Spencer 
rotary and the small Cambridge rocking microtomes have proved 
satisfactory. The large Cambridge flat-cutting microtome seems 
to be ideally suited for this work, particularly for very thin sections 
of small blocks. It is comparatively easy to get 3 or 4 /a 
sections even of hard material. The sections can be made to ribbon 
by coating the upper and lower surface of the block with soft 
paraffin. If very thin sections of small blocks are required it may 
be found advantageous with some but not all tissues to omit the 
tricresyl phosphate from the 20 per cent. L.V.N. used for im- 
bedding. But larger blocks always cut better if the plasticiser is 
added. 

Procedure for Handling Sections, (1) Collect the sections in 
75 per cent, alcohol ; handle and stain as usual. Dyes tend to 
stain L.V.N. less than they do celloidin. (2) Mount the sections 
on to a slide from a bowl of 96 per cent, alcohol. Flatten with 
toilet paper moistened with the same ; press the toilet paper with 
a glass rod and then remove it. Repeat this several times. 
(8) Treat similarly several times with equal parts of absolute 
alcohol and chloroform. (4) Treat similarly several times with the 
following mixture : xylol, 2 parts ; • toluole, 1 part ; creosote, 
1 part. (5) Treat similarly several times with xylol. (6) Mount 
in balsam. , 

The following alternative method is somewhat more difficult 
to use, but gives better results with these, somewhat wrinkled 
sections of small blocks. 

(1) After staining, dehydrate the sections. (2) Transfer the 
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sections to 96 per cent, alcohol, (3) Then place them in a mixture 
of equal parts to absolute alcohol, xylol and chloroform. (4) Trans- 
fer single sections to a deep bowl of beechwood creosote and 
immediately float them on to a slide. If allowed to stay for more 
than two to three seconds in the bowl they will become too soft. 
Blot the sections on to the slide with toilet paper and smooth with 
a glass rod. Remove the toilet paper carefully. Immediately 
cov^r with another bit of toilet paper, smooth it and then remove 
it. (5) After removing as much creosote as possible, treat several 
times with xylol, blotting on as usual. (6) Mount in balsam. 

Notes 

(1 ) Low viscosity nitrocellulose is more explosive than eelloidin and 
should he handled with care. When dry it would explode if hit 
Exposure to direct sunlight should be avoided, 

(2) Slides may be coated with L.V.N, instead of eelloidin. But 
a diluted tricresyl phosphate mixture must be used, otherwise the 
coating does not adhere well to the glass. 

1448 Wif. Mash Cytology of G. E. Palade and A. Claude (J. 
Morph,, Ixxxv, 1949). This consists in forcing parts of living organs 
through /a masher with 1 mm. apertures. The mash is then 
further broken up by a homogeniser at 1000 revolutions per ; 
minute. This mash is diluted with 0‘07 M. NaCl, isotonic NaCl, 
isotonic sucrose, 0*25 M., or 0-88 M. sucrose. To these homo- 
genates, various vital dyes were added, or Sudan Black in 70 per 
cent., etc. The Sudan Black solution was added drop by drop 
with shaking until “ suitable concentrations of dye and ethanol 
■ were obtained.” Palade and Claude speak of concentrations of 
30 per cent, alcohol and above. Some of Palade and Claude’s 
figures resemble cells with a juxta-nuclear Golgi apparatus. It 
would Appear that the alcohol Sudan Black is added till those 
cells not already dead are fixed by ethanol and simultaneously 
stained in the Sudan Black. The statement that either ethanol 
or the fixative produced the Golgi apparatus is incorrect, as the 
apparatus can be seen, with the phase contrast microscope and in 
the living condition, in some of the types of cells Palade and 
Claude use. The masher technique should be useful in bio- 
chemistry, and it may help to link up biochemistry with the 
cytology of the cytoplasm. The cytologist will, however, always 
prefer to study cells in organs not ‘‘ homogenised.” Thin living 
organs', such as those in the mouse, or teased living cells are 
preferable for study. Likewise, fixation in ethyl alcohol is not 
the best that can be done. The study of the exact materials 
stainable in Sudan Black, and under what conditions, is still not 
complete. 

Refer to §§ 887, 939. 
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PETER GRAY’S BASAL SOLUTIONS FOR LABORATORY 
FIXATIVES’^ 

1449. Fixative solutions are often required in small quantities. 
Their preparation from stable basal solutions (Geay, Journ, R. 
Microsc. Soc,^ liii, 1933) prevents waste of time, material 
and storage space. Ten aqueous and two alcoholic solutions are 

(6) Muller x 3 ” (7-5% po- 
tassium dichromate plus 
3% sodium sulphate). 

(7) 7% mercuric chloride. 

(8) Saturated picric acid. 

(9) 1% “ platinic chloride ” 
(PtNa^Cle). 

(10) 2% osmic acid. 

(11) 1 % picric acid in 95% alcohol. 

(12) 1% each of picric acid and mercuric chloride in 95% alcohol. 

Notes*. Aqueous solutions (1) to (9) and both alcoholic solutions 
are stable, and of constant content, at temperatures above 12® C. 
Solutions (5), (6) and (7) start throwing down crystals if dropped 
below this point. Solution (10) is stable only in chemically and 
mechanically clean bottles in the presence of from 0*01 to 0*05 
per cent, potassium permanganate; this concentration, which 
is easily judged colorimetrically, must be maintained by periodic 
additions of a stronger solution. Such osmic solutions have 
retained their strength for three years. (P.G.) 

Solution (5) may be substituted for solution (6) by those who 
do not believe in the efficacy of the sulphate content of Muller. 
Geay {loc, cit) states that it minimises shrinkage and collapsed 
cavities in mammalian embryos. 

* By Peter Gray. 


(1) 80% nitric aci<f. 

(2) 40% formaldehyde. 

(3) Glacial acetic acid. 

(4) 2% chromic acid. 

(5) 7*5% potassium dichro- 
mate. 
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APPENDIX 11 
1452. Weights and Measures 


Weight 

1 grain (gr.) = 0*0648 gram (grm.). 

I ounce (oz.) == 437*5 grs. = 28*35 grms. 

1 pound (lb.) = 16 oz. = 453*59 grms. 

1 microgram {y) == 0*001 mg. = 0*000015 grain (gr.). 

1 milligram (mg.) = 0*001 g. = 0-015 gr. 

1 gram or gramme (g. or G.) = 15*432 grs. 

1 kilogram = 1,000 g. = 2*2 pounds. 

Volume 

1 minim = 0*0592 milliliter (ml,). 

1 fluid ounce (fl. oz.) = 480 minims = 28*4 ml. or c.c.). 

1 pint = 20 fl. oz. = 568*2 ml., or c.c. 

1 gallon = 8 pints = 4*546 litres. 

1 microl (A) = 0*001 ml. = 0*0169 minim, 

1 millilitre or mil (ml.) = 1.000028 c.cm. == 0*852 fluid ounce. 

1 litre or liter = 1,000 ml. = 1.76 pints. 

Length 

1 Angstrom unit (A) *= 0*1 /x/a = 10~^® meter (m.). 

1 millicron (/x/x or m/x) = 0*001jtx = 10^^ m. 

1 micron (/x or /xm.) = 0*001 millimeter = 10“® m. 

1 millimetre (mm.) = 0*001 m. = 0*03937 (about ^\^) inch (in.). 

1 centimetre (cm.) = 0*01 m. = 0*8937 (about f ) in. 

1 meter or metre (m.) = 39*37 in. 

1 inch (in. or '') = 25-40 millimeters. 

1 foot (ft. or ') = 12 in. = 30*48 centimeters. 

1 yard (yd.) = 3 ft. = 0*914 meters. 

1 fathom (fth.) = 2 yds. = 1*83 meters. 

1 mile = 1,760 yds. = 1*6 kilometers. 

1453. TREATMENT OF CUTS, ETC. 

By Dr. R. H. Micks and Mr. Louis Werner 

Small clean cuts , need no treatment to help them to heal. 
Bleeding can be stopped quickly by holding a wisp of clean 
cotton- wool to the cut for about five minutes ; when the bleeding 
has stopped the cotton-wool may be allowed to remain stuck to 
the cut, and can be secured by a loose bandage. If the cut is so 
large that the edges gape widely it will usually have to be stitched 
by a surgeon. 

Avoid the application of finger-stalls and collodion dressings, 
for they delay healing by preventing evaporation of water from 
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the skin. If it is necessary to protect a cut from irritants a 
finger-stall may be slipped on for a short-time, but it should be 
removed as soon as the need for it has passed. 

Fainting occurs, very readily in some people with even trivial 
injuries. The proper treatment for a faint is to place the patient 
flat on the floor ; no other treatment is necessary. 

Infected material is rarely handled by the microtomist, but 
should any injury to the skin occur after working with fresh or 
old animal tissues medical advice should be sought without delay. 

Irritant gases may cause serious damage to the lungs, and it 
should be remembered that the first signs of damage may not 
occur till several hours after exposure. If irritant gases have' 
escaped into a laboratory it must be evacuated at once and not 
entered again until it has been declared safe. 

Carbon monoxide poisoning does not damage the lungs, but to 
continue working in a laboratory in which an escape of gas has 
occurred is very dangerous. An early sign of poisoning may be 
impaired power of reasoning, and a man who has been working 
for some time in an atmosphere vitiated by carbon monoxide is 
often incapable of appreciating the risk he is running and may 
have to be removed against his will. 

Injury to the eye may occur either from fluids or from solid 
particles. 

The first essentiarin cases of splashes of liquids is immediate 
irrigation. Time should not be wasted hunting around for a 
suitable neutralising solution of alkaline or acid reaction, but the 
affected eye should be held open (fingers on the eyelids will be 
needed) in a basin of water, and if possible moved around while 
under water. If an assistant is present he can carry out the 
irrigation with water. 

Having washed away as much irritant as possible, oil should be 
instilled, castor oil, cod-liver oil, or even olive oil, but not cedar- 
wood oil. These measures suffice for the time that elapses before 
skilled medical attention can be obtained. No time should be 
lost in securing this, no matter how well the subject feels, and 
no attempt should be made to resume work if any irritation is 
felt. A solution of cocaine is not likely to be at hand, but, if it is, 
a drop or two will relieve a lot of the immediate pain and facilitate 
subsequent examination. 

Minute solid particles tend to lodge under the upper lid, so that 
if the upper lid is seized by the lashes and drawn forwards and 
downwards over the lower lid the skin surface of the lower lid 
may serve to wipe away foreign material. If the particle is still 
felt in the eye after this manoeuvre, the best thing to do is to take 
the old-fashioned advice and rub the other eye. This evokes a free 
flow of tears in both eyes, and this flow may sweep a foreign body 
loosely implanted on the cornea into the lower fornix, from whence 

. . ■■ 24—2 
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it can easily be removed. Rubbing the affected eye is, of course, 
more like to imbed the foreign body than to release it. 

Should both these methods fail instil oil if much time is likely to 
elapse before expert medical attention is available, but this should 
always be secured if a feeling of discomfort persists, whether a 
foreign body can be seen or not. 

When fragments of broken glass or splinters of metal may have 
entered or cut the eye, avoid any manipulation other than removal 
of very gross pieces, as more harm than good is done by unskilled 
attentions. 
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The numbers refer to paragraphs and not to pages. 


Abbott, superficial fungi, 1415 
Acanthocephala, 811 
Acetic acid, ixation, 88 
Acetic, alcohol (Camoy), 89 
Accidents in laboratory, 1452 
Aceto-carmine, 245 
Belling, plants, 1387 
methods, Zirfcle’s, 1389 Ms 
modifications plants, 1387 Ms 
permanent preparations, 682 
permanent preparations (plants), 
1889 

and magenta, Chandler, 1432 
Acetone fixation (Held), 73 
Achucarro, tannin method, 1199 
Acid fuchsin (plasma stain), 813, 820 
Altmanri, 904 et seq. 
carbol fuchsin, 369 
Acid violet, Bailey, 91 1 
Actinozoa, 838 
Adams, algse, 1440 
Adrenals, 968 

Agduhur, Bielschowsky, 1123 
Albumen (Mayer) for mounting 
sections, 209 
removal of, 1044 
Alcohol, 106 
balsam, 456 
f (narcotic), 17, 29 
f (fixation), 106 
Alcorn, staining algae, 1399 
and Yaeger, fungi, staining of, 1416 
Aldaba, macerating xylem, 1286 
Algse, fixatives, 1397 
special techniques, 1394 
Alkaloids, tests, 1374 
Alien-Painter fluid, 668 
Altmann, freezing, drying, 41 
acid fuchsin, picric acid, 904 
fixative, 51 
Alum carmine, 238 
Anderson, 1093 

Alzheimer, neurology, cell bodies, 
1196 

Alzheimer-Mann, 1196 
Amann, lactophenol, 439 
Ammonia carmine, 255 
Ammoniacal silver nitrate, 1119 et seq. 
Ammonium bichromate, 65 
Amphibia, embryology, 1078 
Amyl acetate, dehydration, 156 
Anderson, alum carmine, 1093 
Andrew and Ashworth, astrocytes, 
1201 

Angiospermee, 1428 
Pollen, 1428 


Anilin blue, 348 

plant tissues, 1 317 , 1 324, 1 385 Ms 
oil (clearing), 151 
Annelids, 808 * 

Aoyama, Golgi apparatus method, 
1935 

Apdthy, cement for sealing, 478 
(mercuric alcohol), 72 
(mountant), 377 
neurofibrils, 1109 

Aqueous mountants, for plant tissue, 
1283 

Arachnida, 805 
Argentophil cells, 959 
Arthropoda, 792 

see under mounting media, 480 
et seq. 

Asana, bleaching osmic, 929 
Ascorbic acid, 715 
Ashby ^s, cellulose-film transfer 
method, 1436 
Asteroidea, 826 
Astrocytes, Cajal, 1199 
neuroglial. Globus, 1201 
Aves, embryology, 1066 
Axis cylinder, Golgi bichromate 
silver, 1136 
and dendrites, 1134 

formalin modifications, 1145 
and myelin, methylene blue, 
1178 

Azan, Heidenhain, 1060 
Azoulay, osmic acid tannin, 1175 


Bachman, Fungal preparation, 1414 
Bacteria, Gram-Glynn, 1039 
and connective tissue method, 
Drew-Murray, 1038 
and mitochondria in plant tissues, 
1355 

Murray’s method, 913 
Baecker, calcium test plants, 1364 
Bailey, acid violet, 911 
Baker, J., priority on F.W.A,, 50 
Sudan black, 939, 694 
Weigert-Smith-Dietrieh, 939 
Balanced aquaria, 1235 
Balls, cell wall growth, 1292 
Balsam (Canada), 454, 455 
infiltration method of mounting, 
Taylor, 1285 

Barbiturates (narcotic), 28 
Barnard and Welch, sealing mounts, 
1284 

Barnett and Bourne, plastids, 1356 
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Barratt, collodion-dove oilaffixative, 
1282 

staining vascular bundles in whole 
organs, 1290 

Basal solutions, fixatives, Peter Gray, 
1448 

Bates, clearing whole organs of 
plants, 1289 
starch in plants, 1371 
Baur-Feulgen, glycogen, 709 
Becker, intravital staining of plant 
material, 1346 

Bllar, plant chromosome fixative, 
1377 

Belar-Tyler coverslip, 611 
BelHng,' aceto-carmine, 246 
iron aceto-carmine, plant 
chromosomes, 1387 
Brazilin, plants, 1392 
modified Navashin fixative, 1378 
Benda, alizarin and crystal violet, 907 
chrome-osmium, 902 
Bensley, brazilin, thyroid, 966 
Bensley-Cowdry, mitochondria, 911 
Benzidine blood stain, 877 
vessels, 1216 
Benzopurpurin, 328 
Bergamot oil (clearing), 141 
Berlese, gum chloral, 433 
Best, carmine, 711 
Besta, myelin, 1172 
Bethe, neurofibrils, 1110 
Biebrich scarlet, 380 
Bielschowsky, neurofibrils, 1119 
Bismarck brown, 358 

plant tissues, 1318, 1320, 1328 
Biuret reaction, 1373 
Blay des colour preservation in plants, 
1308 

staining plant tissues, 1328 
Bleaching, 582 
osmic, 929 

Bles, alcohol formol, 115 
Blood, 849, 877, 1216 (Benzidine) 
platelets, 884 
Bodian, protargol, 1130 
Bodine, fungi, 1411 
Bohmer (hsematoxylin), 290 
Boke, staining cell-walls, 1332 
Bold, algse fixative, 1397 
Bone, 971 
marrow, 854 et seq, 

Bonn, plant chromosomes, 1377 
Borax-carmine (Grenacher), 265 
Bordeaux red, 324 
Boss, fungi, staining, 1416 
Bouin, picio-formol, 116 
Brain, fixation, 1085 
BraziUn,412 

Breinl’s triple plant cytological stain, 
1339 

Bristol, algae culture, 1395 
Brittle objects, cutting, 172 
Broda, magnesium, plants, 1365 
Bryophyta, 1422 


Bucholz, pinus embryo, 1427 
pollen tubes, fuchsin-light green 
method for, 1432 
Buck, permanent aceto-carmine 
stain, 1389 
Butcher, algae, 1407 
Butyl alcohol, Larbaud’s method for 
wood sectioning, 1279 
imbedding, 128, 173 

Cairns, teeth, 976 
Cajal, astroe;^es, 1199 
F.A.B., 1088 

gold chloride sublimate, 
protoplasmic neuroglia, 1198 
Golgi apparatus method, 933 
double impregnation, modification 
of Golgi bichromate, 1142 
neurofibrils, 1113 
cortex cerebri, neurofibrils, 1116 
Calcium, test, 704 

plant tissues, 1364 

Calcium carbonate, preservation of in 
plants, 1257 

Caldwell, staining vascular bundles in 
whole organs, 1290 
Callan, on chromosomes, 651 
Callose, derivatives, 1301 
tests for, 1304 

Camp and Liming, staining vascular 
bundles in whole organs, 1290 
Camsal balsam, 459 
Canada balsam, 454 

transfer method, Walton, 1436 
Cannon, chlorazol black, 359 
staining plant tissues, 1318 his 
and Conn, stain plant chromosomes 
1385 his 

Caoutchouc sealing, 473 
Carbon dioxide (narcotic), 25 
Carbonate of silver Rio-Hortega, 1200 
Carbo-xylol, clearer, 154 
Carious lesions, 982 
Carleton, on Golgi apparatus, 936 
Carmalum (Mayer), 241 
and indo-carmine, 417 
Carmine blue, 349 
combinations, 417 
staining, 235 
Carnoy, acetic alcohol, 89 
Carpenter and Nebel, plant 
chromosome fixative, 1377 
Carter, algse fixative, 1397 
Cartilage, 982 

Cartilaginous skeletons, 983 
Cartwright, fungi, differential staining 
1417 

De Castro, pericellular baskets, 1118 
Catcheside, on botanical technique, 
1254 

plant, chromosome fixatives, 1377 
Cedar oil (clearing), 138 
Celloidin, 185 
injection, 518 
sections, mounting, 214 
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Celloidie sections, numberinff, 1091 
Cello$olve, ,130 : : 

Cells, living, 592 
walls, 1293 
Cellulose, 1295 

acetate method,, WilHaimon, 1277 
; derivatives, 1299 ' 
film transfer method, Ashby, 1436 
preservation of, in plants, 1257 
Cements, for covers, 467 
mounting, plants, 1284 
Ceresin, imbedding, 181 
Cestodes, 813 
Chalkley-Halmert, 1221 
Chamber, Vernon’s moist, 1412 
Chamberlain, algse fixative, 1397 
fixation fungi, 1414 
Chambers, continuous flow, 1344 
mieroculture, 1342 
Champy chrome-osmic fluid, 52 
trichloracetic fixative, 94 
Champy-Kull, 905 

Chamfler, aceto-carmine for pollen 
tubes, 1432 
nematodes, 1240 
Charales, 1408 

Chaze, alkaloid, plants, 1374 
Chesters, fungal staining, 1417 
Chitin, 794 

plant tissues, 1305 ^ ^ ^ ^ ^ ^ 
protozoa, 776 to 
Chloral hydrate, jelly, 450 
narcotic, 19 
Chlorazol black E., 359 

plant tissues, 1318 his, 1338 
Chloramine test for nitrogen in cel 
wall, 1306 

Chloreton ‘(narcotic), 18 
Chlorocarmine, Hollahde, 251 
Chloroform (narcotic), 16 
clearing, 152 
Chromaffin, 969 
Chromic acid, 46 
Chromo-nitric, Perenyi, 48 
Chromosomes, Callan, 1651 
La Corn’s fluid, 655 
plant, fixation, 1377 
Sanfelice’s fluid, 655 
spiral structure plant, 1393 
Chromo-sublimate, La Bianco, 78 
Cifleri, fungal preparations, 1414 
Cilia, protozoa, 779 
staining methods plants, 1349 
Claudius stain, 773 
Clarite X, 464 

Cleaning slides and covers, 593, 1443 
Clearing, 134 

bulk material, plants, 1262 
embryology, 1056 
chemical, 1289 

plant material for mounting, 1262 
CHmhing fibres, 1118 
Clove oil, clearing, 139 
Cocaine, narcotic, 20 
Cochineal, 236 


Coelenterata, 833 
Cold fixation, 896 

Cole, cytological staining method, 
1333 

Coleman and Hillary, plant 
chromosome, 1393 
Coleman’s, leueo-basic fuchsin, 
plants, 1386 

Collenchyma, preservation of, in 
plants, 1257 

Collodion, oil affixative, Barratt, 1282 
(celloidin) imbedding, 185 
injections, 518 
for plant material, 1266 
Conger, diatoms, 1403, 1404 
Congo red, for plant tissues , 1 326 
plasma, 326 
Connective tissue, 1018 
Wilder, 961 
Copper, fixatives, 95 
test, 706 
Cornea, 1001 
Corpuscles, Golgi, 1012 
tactile, 997 

Corrosion, maceration, 522 
Corrosive sublimate, 70 
Corten, Cajal method, 1198 
Cortex cerebri, neuroflbrils, Cajal, 
1116 

Costello, prothallia, 1425 
Cotner’s, Zoospores, 1419 
La Cour, aceto-carmine stain 
combinations, 1388 im 
and Eabergd , fixation, pollen tub® 
divisions, 1382 bis 
fluid, 655 

plant chromosome fixatives, 1377 
structure, 1393 
2BI>, 655 

CoversHps, removal of, 1447 
Cotton fibres, 1280 
Cox, Golgi sublimate method, 1152 
Craft, staining plasmodesmen, 1348 
Creosote (clearing), 150 
Criniodea, 829 
Cryptonemiales, 1406 
Crystals (as cell inclusions) , 12S7 
Crystal violet, and acid fuchsin 
Nebers,m6 
(gentian violet), 351, 367 
Newton’s iodine method, 1385 
for plant tissues, 1323 
Ctenophora, 840 
Culture, fungi, 1410 
methods, 1217 
see under Protozoa, 725 
Cultures, of alg^, 1394 
Cupro-formol-acetic (Hollande), 755 
Curtis and Colley, staining algae, 1399 
Cutin, 1303 

Cutting hard objects, 172 
Cyanin, for plant tissues, 1327 
Cytoplasmic inclusions, animal cells, 

plant cells, 1352 
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Dahlia, 368 

Dauiel Fetor, on nervous system, 
1082 elseg. 

Darlington and La Cour, 
heterochromatin, 1393 
Darrow, cytological stain for plant 
tissues, 1335 Fts, 1338 
Dealcoholisation, 134 
Debenham, clearing whole organs of 
plants, 1289 
Decalcification, 557 
plant material, 1258 
Deflandre, staining algae, 1399 
Degenerated nerve fibres, 1182 
Dehydration, 125 

plant, chromosome material, 1384 
plants, 1261 

Delafield’s haematoxylin, 291 
for plant tissues, 1313, 1315 
del Rio-Hortega, see under Rio- 
Hortega, 

Denaturation, protein, 36 
Dendrites, 1134 
Golgi bichromate silver, 1136 
Denham, sandarae, 460 
Demineralisation of plant tissues, 
"1274 ■ ■ ■ ■ ■ 

Desilification, 581 
of plant tissues, 1258 
Diatoms, 1403 

Diazonium reaction, Ungar’s, 1297 
Diehl, sealing mounts, 1284 
Dickson, fungi, differential staining, 
1417 

Digestion maceration, 522 
Diseased plants, 1416 Us 
Dische, nuclear reaction in plant cells, 
1375 

Dioxan dehydration and fixation, 131 
Dissociation, dyes, 1209 
Doetschmann, gum, 434 
Doherty, Su, Alexander, blood vessels, 
1216 

Donaggio, neurofibrils, 1112 
Dopa oxidase, 719 

Doroshenko, pollen germination, 1430 
Double imbedding, 200 
insects, 795 
plants, 1267 

Dowson, quick paraffin method, 1265 
Drury, amyl acetate, 156 
Duboscq-Brasil, 116, 754 
Dubrauszky, astrocj^es, 1201 
Dufrenoy, bacteria and mitochondria, 
1355 

diseased plant tissues, 1416 Us 
Dunham’s mixture, 193 
Duerden, paleobotany, section 
method in, 1435 
Duthie, E. S., on glands, 949 

Ear, inner, 1210 

Eau de Javelle and Labarraque, 554, 
555 

Ebner, decaleification, 974 


Echinodermata, 824 
Ehrlich, acid haematoxylin, 292 
gum iodine, 776 
triacid, 317 

Ehrlich- Biondi, orange methyl green, 
316 

Elastic tissue, 1030 
Electric organs, 1009 
Eleidin, 994 
Eloeioplasts, 1358 
Embedding, see Imbedding, 157 
Embry ological methods, 1040 
Embryos, reconstruction, 1045 
Enzymes, 716 et seq, 

Eosin, for plant tissues, 1314 
Eosins, 331 

Eosinophil granulocytes, 872 
Epiphytes, 1407 
Equisetales, 1425 
Erdtmann, fossil pollen, 1437 
peat samples, 1437 
Erlicki fixative, 62 
Errera, alkaloids, 1374 
Erythrosin, for plant tissues, 1315, 
1323, 1327 

^Espinasse, imbedding, 181 

Essery, on Lugol, 87 

Ester wax, 182 

Ether (narcotic), 17 

Ethyl carbamate (narcotic), 28 bis 

Eucain (narcotic), 21 

Euparal, 459 

Evans, colour preservation in plants, 
1308 bis 

and Crowell, sectioning wood, 1278 
Ewart, preservation fleshy fungi, 1418 
Exner, myelin, 1174 
Eye, retina, 1207 

1088 

Faberg^, squashes, 1390 bis 
Farmer and Shove, plant 
chromosome fixative, 1379 
Da Fano, Bielschowsky, 1124 
Golgi apparatus method, 934 
myelin, 1192 
Farrants, 430 
Fat, 684 
in cytology, 939 
in plants, 1368 
Faure, 431 

Favorsky (Bielschowsky), 1123 
Fern Sorus, 1425 

Ferrari, Fungi, differential staining, 
1417 

Feulgen, 662 

plant chromosomes, 1386 
Fibrous neuroglia, 1187 
Filicales, 1425 

Fischer, A., sieve-tubes, 1307 bis 
Fixing, 30 
Algae, 1397 

for plant cells, 1255, 1379 
pollen, 1382, 1382 bis 
root-tips, 1381 
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Flemming fluid, 50, 902 
orange plasma stam, 821 
plant chromosomes, 1377 
Fleming, William, naphrax, 465 
Floridean starch, 1409 
Flynn and Hill, large yolked eggs, 
1065 

Fol, picro-chromic, 56, 103 
Formaldehyde (fixation), 112 
Formalin, Golgi axis cylinder and 
dendrites, 1145 
nervous system, 1088 
Formic acid fixation, 124 
For mol ammonium bromide, 1088 
Formol-Muller, 119 
Foster, staining cell-walls, 1331 
Franklin, demineralisation of plant 
tissues, 1275 
macerating xylem, 1286 
Freezing cutting, 221 
Frenzel, mercuro-nitric, 75 
Frozen sections , 221 
Fuchsin, acid for plant tissues, 1319, 
1336 

basic for plant tissues, 1311 
for vascular bundles. Gourlay, 
1290 

carbolic (Ziehl), 369 bis 
' Coleman’s leuco-basic, 1386 
light green, Alzheimer, 1196 
Fucosan, algae, 1409 
Funnels, Golgi, 1139 
Fungi, technique, 1410, 1414 
F.W.A., 903 

Gage, picric alcohol, 99 
Galigher, haematoxylin, 289 
Gallein, myelin^ 1173 
Gardiner, tannin, 1372 
Gastric glands, 955 
Gastrotricha, 847 

Gatenby, on Cytoplasmic Inclusions, 
886 

Gaule's solution, 71 
Gelatine imbedding, 204 
injection, 483 

• methods for plant material, 1268 
for mounting sections, 212 

Gentian violet, 351, 367 
plant tissues, 1318 
Gersh, 41 

Giemsa^ Blood, 864 et seg, 

Giemsa, for Protozoa, 770 
Gilson, camsal, etc., 459 
chloral hydrate jelly, 450 
zinc chloride fixative, 85 
Gilson’s fixative, 75 
Glands,' 949 

Glees, Bielschowsky, 1126 
GHabeize, 1187 

Globus, neuroglial astrocytes, 3,201 
Glucose, mountant, 436 
Glycerine, injection masses, 503 
jelly mass for imbedding plant 
material, Jeffrey, 1269 


Glycerine, jelly mountant, 442 
mounting media, 438 
Glychrogel, 445 

mountant for plant tissue, 1283 
Glycogen, 708 
periodic, Schiff, 882 bis 
plant cells, 1371 
Godwin, Fossil pollen, 1437 
Gold impregnations, 394 
Golgi apparatus, 886 
Palade-Claude, 1448 bis 
silver methods, 930 
vital staining, 890, 891 
axis cylinder and dendrite, 
bichromate silver, 1136 
bichromate silver, mixed, 1138 
modifications, 1141 
rapid, 1137 

sublimate method, axis cylinder 
and dendrite, 1150 
Golgi-Cox, 1152 

Golgi-Veratti, apparatus method, 931 
Gomori, on microchemistry, 703 
carious lesions, 982 
Goodpasture, carbol-fuchsin, 369 
nitroprusside, 877 
Goodrich, E. S., iodine, 760 
Goodrich, H. P., on Protozoa, 723 
Gordon and Sweets, 961 
Gourlay, staining vascular bundles in 
whole organs, 1290 
Gower, carmine, 271 
Graham, Paleobotany, 1435 
Gram-Glynn, bacteria, 1039 
Granulocytes, 872 

Gray, Peter, basal solutions fixatives, 
1448 

sealing, 468 

Green, fixation Fungi, 1414 
Greenfield, J. G., on the Nervous 
System, 1082 ei scQ'. 
on Bielschowsky, 1121 
myelin, 1191 

thionin for Nissl granules , 1 102 
Greenfield and Carmichael, myelin, 
1174 

Greenfield and Nevin, eyes, 1207 
Grenachor, borax carmine, 265 
Gros, Bielschowsky, 1125 
GuUand, formol alcohol, 115 
Gum for labels, 1444 
Gums, in plant tissue, 1302 
Gum chloral, Faure, 431 
Guthrie, formic acid, 124 
Gwynne-Vaughan and Barnes, fungal 
staining, 1417 
Gymnospermae, 1426 

Haemacalcium (Mayer), 296 
Haemalum, 284 
Haematein, haematoxylin, 272 
Haematoxylin, Anderson rapid 
ripening, 309 
Bohmer, 290 
combinations, 422 
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HaematoxyMn, Delafield, 291, 1313 
Ehrlich, 292 
Gaiigher, 289 
Hanseo, 282 ' , 

Hstripis 289 

Iron, 276, 1312, 1314, 1328 (plants) 
with safranin (plants), 1334 
Janssen, 281 
myelin, Mallory, 1191 
Van Gieson, 427 
Weigert, 280 
Haemoglobin, 879 
Hair, 995 

Hanging-drop method, 1343 
Hansen (chrome haematoxylin), 302 
fungal spores, 1412 
Hanson, E. J., on narcotics, 28 his 
formol, 113 

Harlow, macerating xylem, 1286 
Harper, fungal preparations, 1414 
Harrar, sieve-tube staining, 1307 his 
Harris, haematoxylin, 289 
Hartridge, dehydration of plant 
tissues, 1261 

Haupt, serial section mounting, 1282 
Heidenhain, azan, 1060 
iron haematoxylin, 278, 903, 909 
(plants), 1312 
Susa, 93 

Heitz's, Koch method for 
chromosomes, 1390 
Held, formol-Muller, 119 
methylene blue erythrosin, 1106 
molybdic acid haematoxylin, 1064 
myelin, marginal neuroglia, 1193 
neurosomes, 1105 
Herbarium material, 1260 
Hermann’s fixative, 54 
Heterochromatin, 1393 his 
Heterokontae, wall structure, 1402 
Hickson, brazilin, 412 
Higgins, algae fixative, 1397 
Hill, J. P., marsupial mixture, 1050 
Hill and Myers, plant chromosome 
fixative, 1378 
root tip fixation, 1381 
Hirudinea, 810 

Hoerr, Altmann’s Freezing Drying, 41 
Holden, fungi, 1411 
Hollande, cWorocarmine, 251 
cupro-formol-acetic, 755 
Holmes, paraffin section neurology, 
1133 

Weigert-Pal, 1168 
Holothuroidea, 824 
Holzer, fibrous neuroglia, 1188 
Hopkins, Glycogen, 712 
Hydrogen peroxide (naroctic), 26 
bleacher, 584, 919 
Hyroidea, 837 

Hydroxylamin (narcotic), 22 
Hyland, demineralisation of plant 
tissues, 1274 his 

Hyman Libbie, on Culture methods, 
1217 


Hyrax, 462; ' 

del Rio-Hortega (Bielschowsky), 1123 
neuroglia, Achuccaro modifica- 
tions, 1199 
Golgi apparatus, 938 
pineal parenchyma, 1203 
Hoskins, paleobotany, sectioning 
methods in, 1485 
Howard, myxomycetes, 1421 
Hook and Briggs, fixation fungi, 1414 
Hopkins, A., on glycogen, 712 
Horn, 995 

Imbedding, wax, 157 
collodion, 185 

glycerine jelly mass method, 
Jeffrey, 1269 

plant chromosome material, 1384 
material, 1264 

Impressions and incrustations, 1436 
Injections, 483 
embryos, 107 

Insects, double imbedding, 795 
culture of, 1252 
mounting media, 430 et seq. 
Intestine, 957 

Intravital staining, animal plant, 612, 
1346 

Inulin, preservation of, in plants, 1257 
Iodine (fixative), 86 
green, for plant tissues, 1319 
Iridium chloride, 84 
Iron, test, 705 
blood, 880 
brazilin, 412 
Belling’s plants, 1392 
haematoxylin (see under Haema- 
toxylin), Heidenhain’s . (plants), 
1312 

for myelin, 1161 
Islet, tissue, 965 
Iso-propyl alcohol, 129 
dehydration, 156 
Ixodidae, 805 

Janus, green, 339, 633 
Jeffrey, glycerine jelly mass for 
imbedding plants, 1269 
fossil plants, 1435 
vulcaniser method, 1276 
Jenner, blood, 859 

Jessop and Stewart, on phosphatase, 
722 

Johnson, Linsay, fixative, 53 
Johnston, rubber paraffin, 173 

Kadyi fluid, 1088 
Kagawa, root-tip fixation, 1381 
Kable’s fluid, 115 
Karpechenko, modification 
Navashin’s fixative, 1378 
Kay, on fat, 684 

Keefe, colour preservation in plants, 
1308 his 

Kent (iodine), 86 
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Keratohyalin, 993 

Kerns, adaption of Pasternack’s 
imbedding method, 1265 
Kidney, 963 

Kihara, fixation of pollen mother- 
cells, 1382 
Killing, 10 

Kingsley, blood stain, 867 
Kirchner, preserving myxophyeae, 
1398 

Kisser, anthracogram method in 
paleobotany, 1435 
dehydration of plant tissues, 1261, 
1278 

xylem maceration, 1286 
Kisser and Anderson, sectioning 
cotton fibres, 1280 
Klebs, algge culture, 1395 
Kleinenberg, haematoxylin, 295 
picro-sulphuric, 100 
Knagg, oxycellulose test, 1296 
Koch, chromosomes, Heitz, 1390 
Kolatchew, 923 
Kollmann, chromo-nitric, 60 
Koopmans, sectioning, 1435 
Kostanecki’s fixative, 75 
Krasser, plastids, 1356 
Kresazan, 969 

Krohnthal, lead sulphide impregna- 
tion, 1155 

Kufferath, algae culture, 1395 
Kugler and Bennett, phosphatases, 
1375 bis 

Kultschitzky, fixative, 63 
hsematoxylin, 939 
bichromate sublimate, 79 
double imbedding, 200 
myelin, 1166 
rubin method, 1194 
Kiister, intravital staining plant 
material, 1346 

Kuwada and Sakamura, plant 
chromosomes, 1393 

Labels, gum for, 1444 
Lacmoid-Martius yellow method, 
Nebel, 1432 
Lactochloral, 440 
Lactophenol, 439 

Lagerheim, herbarium material, 1260 
Land’s affixative for serial section 
mounting, 1282 
Lane, pancreas, 965 
Langhans, gdycogen, 710 
Lang’s liquid, 71 

Larbaud’s, butyl alcohol method for 
wood sectioning, 1279 
Latex injection masses, 521 
vessels, 1307 

Lauche, double staining, plant 
tissues, 1329 
Lauth, violet of, 368 
Leach, E. N., on glands, 949 
mucin, 951 
Lead, test, 707 


Lead-gum imbedding, 296 
Lead sulphide, Krohnthal, 1155 
Leaf-tips, squashes, 1381 bis 
Lebowich, soap wax imbedding, 207 
Leishman stain, 862 
Lemon juice, impregnation, 400 
Lenoir, iron haematoxylin and 
safranin, 1334 

Lenhossek, platinum chloride, 82 
Lepik, fungi, differential staining, 

1417 

L.E.S., 734 

Lettuce leaves, culture media, 1231 
Leucobasic fuehsin, 1386 
Leucosin, algjB, 1409 
Lewis, Bevan, myelin, 1174 
Lichens, preparation of, 1418 
Liebermann- Bur char dt, 699 
Light green, 338 

for plant tissues, 1316-1330 
Lignin, stains for, 1297 

pink, for plant tissues, 1318 bis 
Lipase, 722 
Liver, 960 
Living cells, 592 

Lo Bianco, chromo-sublimate, 78 
Locke medium, 598 
Lomax, coal sections, paleobotany, 
1435 

Lorrain Smith, myelin, 1185 
Lowe and Lloyd, plastids, 1356 
Lubkin and Garsten, imbedding plant 
material, 1269 bis 
Ludford, osmic methods, 919 
on vital stains, 612 
Lugaro, neurofibrils, 1111 
Lugol’s solution, 87 
Lundwall, cartilage methods, 984 
Lutz, gymnospermse, sectioning 
method, 1426 

sectioning gymnospermse, 1426 
Lycopodiales, 1425 
Lymphatic glands, 962 

Mallory, anilin blue orange, 963 
ferric chloride hsematoxylin for 
protozoa, 761 

phospho-molybdic haematoxylin, 

305 

phospho-tungstic, 306 
triple stain, protozoa, 772 
Mangin, callose test, 1295, 1304 
Maneval, fimgi, staining, 1416 
test for pectic substances, 1297 bis 
Mann, methyl blue eosin, 350 
osmio-sublimate, 77 
Mann-Kopsch, 918 
Marchi, myelin degeneration , 1183 
Marginal neuroglia, Held, 1193 
Margolena, pollen morphology, 1428 
staining algae, 1399 
JMarine animals, fixation, 38 
Marshall, microglia, 1202 
Marson, on balsam, 454 
Marsupial mixture, 1050 
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MiCTomcineration, of plant tissue, 

Micro-culture chambers, Kirchner 

and Vosseler, 1342 
Miaotomes, 9 

Migula, staining plant cilia, 1349 
Miller, frozen sections, 227 
MUoyidov, double staining of 
mitochondria and starch, 1354 
Minouchi, fluid, 655 
Mitochondria, 886 
and gliosomes, Rio-Hortega, 1205 
of plant cells, 1353 
and^stoeh grains, double staining, 

Moluf and Wehrle,sealmgmounts,1284 

Molisch, sugar in plants, 1370 


Maule reaction, for lignin, 1297 
McCallum, microchemical test, 
potassium, 1362 

McLean, herbarium material, 1260 
staining plant material, 1 309 
McCIintock, permanent aceto- 
carmine stain preparations, 1389 
pollen mother cell stain, 1387 

Mclndoo, liver, 960 

McKay and Clark, squashes, 1390 


tissues, 1416 bis 
McWhorter and 
plant cells, 1255 
Maceration, 522 
methods, paleobotany, 1434 
xylem, 1286 

Madge, imbedding plant 
1265 

Magnesium chloride narcotic, 23 
m plants, 1365 

. Maheshwari and Wulff, pollen, 1428 
tubes, 1432 

green, for plant tissues, 

1326 

Malaria, 885 

^^^^09 section mounting, 

carmalum, 241 
hsemalum, 284 
mucin test, 713 
paracarmine, 267 
picromitric, 101 
Media, sec Protozoa, 727 
Medusae, 839 

Melhus, culture of fungi, 1411 
Menge, bryophyta, 1424 
Menthol, narcotic, 14 
Mercuric chloride, 70 
Mercuro-nitric (Frenzel), 75 
Merkel fixative, 57 
Metallic impregnation, 383 
Methyl benzoate dehydration, 132 
for oil immersions, 594 
blue, 350 
green, 357 

for plant tissues, 1337 
Methylal dehydration, 133 
Methylene blue and eosin, Mallory, 
Chenzinsky, 335, 336 
erythrosin. Held, 1106 
(Loeffler), 869 
myelin, 1178 
Nissl, 1099 
plant tissues, 1321 
vital, 870 

Meves, chrome osmium, 902 
Meya, root-tip fixation, 1381 
Micellae, 1294 - 
Microchemistry, 703 ef seg. 


fixation of 


material 


Mucilage, 1298 
Mucin, 713, 949 


Mukdrji, mountant, 440 
Miiller fixative, 61 
Murray, diatoms, 1404 
^ mitochondria and bacteria, 913 


Muscle, smooth, 1013 
striated, 1003 

Mycorrhiza, staining of, 1417 


Myelin, 1161 
Lorraine Smith, 1185 
Mallory, 1191 
osmie acid, 1174 
Weigert, 1162 
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Nemec, starch, 1371 
Nemertinea, 812 
Nerve endings, 1004 

neurofibrils, Cajal, 1117 
Nervous system, 1082 et seq» 
Neurofibrils, 1108 
Bielschowsky, 1119 
Cajal, 1113 

paraffin sections, 1128 
Ranson, 1115 

Neuroglia (protoplasmic), 1108 
Neuroglial astrocytes, 1201 
Neurosomes, Held, 1105 
Neutral Red, preservation of, 640 
vital, 638 

vital and plasma stain, 329 
Nevillite V, sealing mounts, 1284 
Newcomer, mitochondria of plant 
cells, 1353 

Newton, crystal violet iodine method, 
plants, 1385 

Newton and Darlington, fixative 
plant chromosomes, 1377 
Nicotin narcotic, 15 
Nigrosin, 345 
Nile blue, 939 
Nissl granules, 1098 et seq. 
formalin, 1088 

Nitroprusside blood stain, 877 
Novopokrowsky, cellulose stain, 1295 
Nucleoli, 663 

of plants, Rezende-Pinto, 1350 
Zimmerman, 1350 
Nucleus, reactions, plant cells, 1375 

Ohlmacher’s solution, 72 
Oligodendria, 1198, 1204 
Oltmann, fungi fixation, 1413 
O’Mara, root-tip fixation, 1381 
Opcein, 414 

Opcein, 414, 1019, 1034 
Ophiuridea, 828 
Orange G, 315 
methods, 321 

Osmic acid impregnations, 402 
tannin (myelin), 1175 
sublimate (Mann), 77 
Osmium tetroxide, 42 
Osmotic pressure, fixation, 35 
Osteoblastic centres, 985 et seq. 
Osterhaut, salt medium, 1233 
Ovaries, plant, fixation, 1383 
Overhardened tissue, Golgi, 1144 
Overhots, fungal preparations, 1414 
Overton, dehydration of plant tissue, 
1261 

Owens- Bensley, osmic method, 928 
Oxidation centres, 875 
Oxycellulose, tests for, 1296 

Painter, on Ihromosomes, 665 
Pal, myelin, llfiS 

Palade-Claude, Mash Cycology, 1448 
bis 

^ Paleobotany, 1433 et seq* 


Palladium chloride, 83 
Pancreas, 964 
Paneth cells, 958 
Panoptic staining, blood, 869 
Pantin, vital examination, 596 
Pappenheim, pyronin, 314 
Paracarmine, 267 
Paraffin oil drop technique, 610 
method, for plant material, 1265 
sections (neurology), 1128 
wax, imbedding, 160 
Paramylon, algae, 1409 
Parris, fungi, staining, 1416 
Pasini stain, 1061 

Pectic substances, preservation of, in 
plants, 1257 
tests for, 1297 bis 
Peel, methods of sectioning 
petrifieations, 1435 
Penetration of fixatives, 30 
Penfield, 936, 937 
astrocytes, 1202 
oligodendria, 1204 
Pericellular baskets, 1118 
investments, 1112 

Periodic acid, Schiff, 882 bis, mucus, 
951 

Peripheral nerve fibres, Golgi, 1139 
Permanganate, Henneguy, 364 
Peroxidase, 718 

Peterfi, methyl benzoate collodion, 
203 

Petrunkevich's fixative, 75 
Pfaff, blood vessels, 1216 
Pfeiffer and Wellheim, Venetian . 

turpentine for mounting, 1285 
Phase contrast, 652, 893 
Phenol, clearing, 149 
hard objects, 173 
Philip’s, procarps, 1406 
Phloxin, 331, 1324 
Phosphatase, 721 
blood, 881 
plants, 13.75 bis 

Phospho-molybdic hseraatoxylin, 305 
Phospho-tungstic, Mallory, 306 
myelin, 1191 

Phthalate dehydration, 133 bis 
Physiological solutions, 597 
Pickles, M, M., on Blood, 849 
Pickworth, blood vessels, 1216 
Picric acid fixation, 98 

for plant tissues, 1321, 1322 
plasma stain, 318 

Picro-anilin blue, for plant tissues, 
1325 

Picro-carmine, 259 
Picro-formol, Bouin, 116 
Picro-fuchsin plasma stain, 320 
Picro-magnesia-carmine, 263 
Picro-nlgrosin, 347, 766 
Picro-nitric (Mayer), 101 
Picro-sublimate, 76 
Piao-sulphuric (Kleinenberg), 100 
Pineal parenchyma, 1203 
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Pisces, embryology, 1075 
Pituitary, 970 
Planaria, 823 
Plankton, 837 

Plants, Catcheside on, clearing whole 
organs or thick sections, 1289 
microehemicai tests in, 1359 
Plaques, senile, 1206 
Plasma stains, 312 
Plasmodesmen, Craft’s method, 1348 
Plastids, 1356 
Platelets, blood, 884 
Platinum chloride, 81 

protein test, 1373 
Polariscope, fat, 687 
Pollen, angiospermae, 1428, 1430 
fossil, Godwin, 1437 
mother-cells, fixation, 1382 
safcamura, 1345 

tube, divisions, fixation, 1382 625, 
1431 I 

Polyvinyl alcohol mountant, 451, 452 
Polyzoa, 782 
Porifera, 842 

Post and Laudermilk, staining 
cellulose, 1295 

Potash, osteoblastic centres, 985 
etseq. 

Potassium, blood, 882 
in plant tissues, 1362 
Powm, staining algae, 1399 
Precipitates in Golgi bichromate 
methods, 1147 

Preservation, of colour in plants, 
1308 bis 

of plant tissue, 1256 
Prickle cells, 991 
Procarps, Philip’s method, 1406 
Propyl alcohol, 129 
Protargol, Bodian, 1130 
Proteins, 708 
plants, 1373 
Prothallia, 1425 
Ptotozoa, 723 

Pteridophyta, methods for, 1425 
Pusey, reconstruction of embryos, | 

Pyienoids, 1357 
Pyrogallol, Cajal, 1113 
osmic impregnation, 409 
Pyronin, 314 


Qmck and Patty, clearing . whole 
organs of plants, 1289 
paraffin method, 1265 

RabI, picro-sublimate, 76 
platinum chloride, 81 
Randolph, modified Navashin 
fixative, 1378 
mounting root-tips, 1384 
Ranson, neurofibrils, 1115 
Ranvier, ammonia-carmine, 255 
impregnations, 383 


Rawitz, carmalum, 242 
picro-nitric, 102 

Rawitz, phospho-tungstic, alcohol 
acetic, 55 

Rawlins and Takahashi, sectioning 
wood, 1279 

Refractive indices, mounting media, 
429 

Reichardt, double imbedding of plant 
tissues, 1267 

Rejuvenation, formalin, 114 
Golgi process, 1144 
Removal of coverslips, 1447 
Reptilia, embryology, 1071 
Resin, preservation of, in plants, 1257 
Resinous media, 453 
' botanical material, 1283 
Resorcin fuchsin, 1035 
Reticulocytes, 851 
Rezende-Pinto, nucleoli, 1350 
Rhodophyceae, 1405 
Rio Hortega. See under Hortega. 
Ripart and Petit’s fluid, 95 
Roger, paraffin sections neurologv, 
1129 

Rohrbaugh, differential staining plant 
oils, 1368 

Romanes, paraffin section neurology, 

Romanowsky stains, 861 
Romeis, kresazan, 969 
Susa, 93 

Root-tips, fixation, 1381 
Rotifera, 845 

Rousselet’s narcotic solution, 13 
Rubber latex injection, 521 
paraffin, 173 
test, 1372 bis 
Rubin method, 1194 
Ruyter, mountant, 202 
sealing mounts, 1284 


Safranin, 366 
connective tissue, 1032 
and crystal violet, plant stain, 1335 
for plant tissues, 1313-1317, 1325, 
1335 bis 

Saguchi, neutral red method, 640 
Sakamura, pollen mother-cells, 1345 
SaUvary glands, 953 
Salkind, lead gum imbedding, 206 
Salmon, mountant, 451 
Sandarac, Denham, 460 
Sanfelice, fluid, 655 
Sansom, Carnoy, 90 
Schaede, pollen mother-cells, 1345 
Schaudinn, fluid, 747 
Schiff, 662, 1386 
periodic, 882 bis 
Schimper, magnesium, 1365 
Schuster, sectioning wood, 1278 bis 
Schwalbe and Becker, oxycellulose, 
1296 

Schweizer, bryophyta, 1424 
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Schweizer, fungi, 1411 
reagent for cellulose, 1295 
Scott’s hasmatoxyiin, 109 T 
Sealing covers, 467 
Sealing medium, for botanical 
material, 1284 
Seaetion granules, 952 
Secretory canaliculi, 956 
Section, methods paleobotany, 1435 
mounting, 208 
plants, 1282 

Sectioning, Bucholz on pinus embryo, 
1427 

gymnospermag, 1426 
in paleobotany, 1435 
petrifications, Peel methods of, 
1435 

Sections, serial of plant tissue, 1282 
of wood (plants), 1273 
Semichon, colour preservation in 
plants, 1308 

Semmens, staining algae, 1400, 1440 
plant chromosomes, 1385 
and Bhaduri, nucleoli, 1350 
Senile plagues, 1206 
Severinghaus, 905 
Seyler and Edwards, paleobotany, 
1435 

Sharman, staining cell- walls, 1332 
Showalter, mounting bryophyta, 1423 
staining antherozoids, 1349 
Shrinkage, 34 
Sieve-tubes, 1307 bis 
Silica, plant tissues, test, 1361 
Silver carbonate, Rio-Hortega, 1200 
nitrate impregnations, 383 
for protozoa, 779 
Simarro, neurofibrils, 1113 
Simonds, fixation algae, 1397 
Simpson clearing whole organs of 
plants, 1289 

Sjovall, formol osmic, 927 
Skeletons, 971 
Skin, 990 

Slides, marking, 1445 
Slifer and King, hard objects, 174 
Smears, 654 
blood, 852 

plant, 1391 ’ 

protozoa, 741 

Smith, plant chromosome fixatives, 
1377 

staining plant chromosomes, 1385 
Smith-Dietrich, 939 
Smith’s formol-Muller, 119 
Smyth, J. D., glycogen, 712 
on invertebrates, 780 
Soap-wax, imbedding, 207 
Sodium, tests, plant tissues, 1363 
Softening, hard objects, 173 
Sosa and Menegazzi, 933 
Spalteholtz method (benzyl benzoate), 
984 

Speese, media, modified Zirfcle, 1387 
Spiral filaments, Golgi, 1139 


Spleen, 961 
Sporelings, 1407 

Spores, isolation, fungal, 1412 bis 
Squashes, leaf tips, 1381 bis 
plant material, 1390 bis 
preparations, 654 et seq. 

Staining, direct of plant material, 1347 
double, for glycerine preparations, 
1329 

intravital of plant material, 1346 
macerated fibres, 1286 
meristematic tissues, 1331 
modifications of aceto-carmine, 
1387 bis 

spermatozooids, motile gametes, 
1349 

vascular bundles in whole organs, 
1290 

yeast, 1420 

Starch, preservation, 1257 
tests for, 1371 

Steam method, dehydration, Kisser, 
1278 

Stebbins, clearing whole organs of 
plants, 1289 

Steedman, ester wax, 182 
Steil, sperraatozoids, zoospores, 
motile gametes, 1349 
Stern, microglia, 1202 
Steroids, 699 

Stevenson, on mountants, 452 
Stoughton, fungi, differential staining 
of, 1417 

Strain, clearing whole organs of plants, 
1289 

Stuart and Einsweller, squashes, 
1B90 bis 

Students, guide in microtomy, 1438 
Suberin, 1303 
Sublamin, 80 

Sublimate method, Golgi axis 
cylinder, 1150 
Sudan, 692 et seq, 

Sudan III, for plant tissues, 1330 
Sudan IV, degenerated nerve fibres, 
1182 

Sudan Black methods, 696, 939 
Sugars, Maugham, 1370 
tests for, Molisch, 1370 
Sulphate deposits, preservation of 
in plants, 1257 

Sulphur, plant tissues, test, 1360 
Sui^arenal, 968 
Susa fixation, 93 

Swank and Davenport, myelin, 1183 
Synthetic media, 727 
Syombathy, serial section mounting 
of plant tissues, 1282 


Tannin, in plant tissues, 1372 
Tanzer, orcein, 1034 
Tartiferi, eyes, 1208 
Taylor, balsam infiltration method of 
mounting, 1285 
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Taylor, plant chromosome fixative, 

'IW' ; 

sheath stmcturcj Desmids, 1401 
' ; Sister Monica, 7^^ 
smears, plant, 1891 

Teeth, 971 

Tellyesniczky, acetic bichromate, 60 
alcohol formol, 115 
Tendon, 1010 
Terpineol, in celloidin, 190 
clearing, 148 
frozen sections, 232 
imbedding, 173 
Thionin,368 
for nissl granules, 1102 
Tigroid bodies, 1098 
Thymus, 967 
Thyroid, 966 

Toluidin blue 369, vital, 382 (see 
under Nissl granules). 

Tracheae, 802 

Trankowsky, pollen germination, 1480 
Trematodcs, 819 
Trichloracetic fixation, 92 
Triple stain, Breinl’s, 1339 
Tuan, cytological staining method 
1338 

Tunicata, 781 
Turbellaria, 822 
Turpentine, clearing, 147 
Venice, sealing, 477 

Ultra-centrifuge, Beams, 942 
Ungar, diazonium reaction, 1297 
Ungewitter, paraffin section 
neurology, 1131 
Unna, orcein, 1019, 1034 
pyronin methyl green, 314 
Uranium nitrate, Golgi method, 933 
Urea, in picro-formol, 116 
Urethane (narcotic), 28 Ms 

Vaginal smears, 1047 
Van der Stricht, 979 
Van Gieson for nerve tissue, 1095 
picro-fuchsin plasma stain, 320 
Van Wisselingh, chitin, 1305 
Varrelman, clearing whole organs of 
plants, 1289 

Vascular bundles in whole organs, 
staining, 1290 

Venetian turpentine, mounting 
medium for botanical material, 
1285 

Vcrhoeff, haematoxylin and Van 
Gieson, 1029 , 

Vermes, 807 

Vernon’s, moist chamber, fungi, 1412 
Victoria blue, 369 
Vinson, tannin, 1872 
Violet B, 851 
Vital dyes, jjjrotozoa, 738 
examination, 592 
staining, 612 


Vizioli, astrocytes, 1201 
Von Hohnel, suberin test, 1303 
Volutin, in plants, 1376 
Vulcaniser method, Jeffrey, 1276 


Walls, on celloidin, 190 
Walton, Canada balsam transfer 
method, 1435 

Peel methods of sectioning 
petrifications, 1435 
Walton, transfer method in 
paleobotany, 1435 
Warmke, root-tip fixation, 1381 
squashes, 1390 bis 

Warrington, fixation of plant ceils, 
1255 

Waxes, in plants, de Bary, 1369 
Weber, modified Navashin fixative, 
1378 

plastids, 1356 

Weigert, borax ferricyanide, 1163 
fibrous neuroglia, 1187 
gliabeize, 1187 
haematoxylin, myelin, 1163 
(myelin), 1162 
resorcin fuchsin, 1035 
Weigert-Pal, 1165 
Weigert-Smith-Dietrich, 939 
Weigh 918 

Wettstein, algae. 1394 
Wetzel, double imbedding of plant 
tissues, 1267 

Whetzel, superficial fungi, 1415 
Whiffen, fixation, fungi, 1414 
Whitehead, on fat, 684 
Whittenberger, rubber, 1372 bis 
Wilder, connective tissue, 961 
Williamson, cellulose acetate method, 
plant tissue ,1277 

Windle, Rhines, Rankin, on Nissl 
granules, 1103 

Winiwarter dc, safranin, gentian, 
orange, 1063 

Wodehouse, pollen morphology, 1428 
Wood, chloramine test for nitrogen, 
1306 

Worley, methylene blue, 380 
Worms, narcotisation, 29 
Wright’s blood stain, 863 


Xanthoproteic reaction, 1373 
Xylem maceration, 1286 
Xylol (xylene) clearing, 153 


Yeasts, 1420 
Yocum, fluid, 750 


Zenker-formol, 79 
Zenker’s fluid, 79 
Zcrhicke, 893 . ; - ■ 
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Ziehen, Golgi sublimate, 1154 
Ziehl, carbolic fuchsin, 369 Ms 
Zimmerman, staining plant, cilia, 
1349 

Zirkle, aceto-Carmine staining 
methods, 1389 
media, water soluble, 1887 
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Zirkle, plant cytoplasmic inclusions, 
1352 

plastids, 1356 
sectioning wood, 1279 
Zoospores, Cotner’s method, 1419 
Zweibaum and Mangenot, fat in 
plants, 1368 

Zwemer, glychrogel, 445 


piuNUBD m anEAr beitain by the whitebruks pbess btd. 

LONDON AND TONBRIDGE 



